3-D Terrain Mapping and Navigation Using a Laser Range Finder by Azevedo, Matthew L. et al.
!"#$%&'()%*%+,#-."/%01%23./4567.843% 0%
%
%
%
9:;%!"//#83%)#--83<%#35%=#>8<#.843%
?@83<%#%'#@"/%A#3<"%B835"/%
%
B83#C%D/4E"7.%A"-4/.%
%
)F:GHIJGHKJG9L%&"384/%D/4E"7.%
&-43@4/1%&M3N4.87@O%
%
B/85#MP%B"N/6#/M%9P%HL00%
%
%
%
%
!"#$%&'()%
%)#..,"Q%'R%(S">"54%T%$C#S">"5U7#C-4CMR"56%
)#..,"Q%D#/8CC#%T%$-#/8CC#U7#C-4CMR"56%
V">83%D#/@43@%T%WW-#/@43U7#C-4CMR"56%
%
!"#$%&'()%*%+,#-."/%01%23./4567.843% H%
%
!"#$%&'(&)'*+%*+,&
+,#-."/%01%23./4567.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%X%
D6/-4@"%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%X%
YNE"7.8>"@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%X%
F3<83""/83<%&-"78Z87#.843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%X%
!,"%[46@"%4Z%\6#C8.M%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%I%
+,#-."/%H1%]#7W</4635%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%K%
+,#-."/%91%;"@8<3%;">"C4-$"3.%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%00%
;"@8<3%&"C"7.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%00%
&4Z.Q#/"%;"@8<3%+437"-.@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0H%
;"@8<3%D#/#$"."/@%#35%A"@4C6.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%09%
B6.6/"%&4Z.Q#/"%;8/"7.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%09%
[#/5Q#/"%;"@8<3%+437"-.@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0G%
;46NC"%^"/.87#C%&6--4/.%T%!,"%!4-%+437"-.%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0G%
)4.4/%&6--4/.%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0_%
A4.#.843#C%)8//4/%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0_%
+,#-."/%G1%;"@7/8-.843%4Z%B83#C%;"@8<3%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0`%
Y>"/#CC%;"@7/8-.843%#35%'#M46.%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0`%
;".#8C"5%;"@8<3%;"@7/8-.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0`%
+4@.%]/"#W54Q3%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0I%
)#."/8#CP%a"4$"./MP%#35%+4$-43"3.%&"C"7.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0K%
b8/83<%;8#</#$%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0K%
)#36Z#7.6/83<%;/#Q83<@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HL%
&#Z".M%+43@85"/#.843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HL%
)#83."3#37"%#35%A"-#8/%+43@85"/#.843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HL%
+,#-."/%_1%D/4567.%A"#C8S#.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%H0%
;"@7/8-.843%4Z%$#36Z#7.6/83<%-/47"@@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%H0%
B83#C%D/4567.%2."/#.843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%H0%
A"74$$"35#.843@%Z4/%B6.6/"%)#36Z#7.6/83<%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HH%
+,#-."/%`1%;"@8<3%^"/8Z87#.843%DC#3P%A"@6C.@%c%2$-C"$"3.#.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%H9%
!"@.%;"@7/8-.843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%H9%
;"@8<3%^"/8Z87#.843%DC#3%c%A"@6C.@%!#NC"%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%H_%
!"#$%&'()%*%+,#-."/%01%23./4567.843% 9%
%
A"@6C.@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HI%
+,#-."/%X1%&4Z.Q#/"%!6.4/8#C%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9X%
Y>"/>8"Q%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9X%
23@.#CC83<%AY&%D#7W#<"@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9I%
A63383<%AY&%D#7W#<"@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9I%
[4Q%.4%23@.#CC%F#7,%AY&%D#7W#<"%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9I%
AY&%+4$$#35@%.4%A63%&4Z.Q#/"%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9K%
AY&%+4$$#35@%.4%A63%9;%)#--83<%b,8C"%)4>83<%&4Z.Q#/"%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%G0%
+,#-."/%I1%A"74$$"35#.843@%#35%+437C6@843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%G9%
A"74$$"35#.843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%G9%
+437C6@843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%G9%
A"Z"/"37"@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%GG%
(--"358d%(1%!,"%[46@"%4Z%\6#C8.M%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%G_%
+437"-.6#C%;"@8<3%D/47"@@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%G`%
(--"358d%]1%;/#Q83<%D#7W".%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%GX%
(--"358d%+1%^"354/@P%+43.#7.%23Z4/$#.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%GI%
(--"358d%;1%^"354/%@6--C8"5%+4$-43"3.%&-"78Z87#.843@%#35%;#.#%&,"".@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%GK%
[4W6M4%?!):9L'e%Y>"/>8"Q%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%GK%
[4W6M4%?!):9L'e%&-"78Z87#.843@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_0%
;M3#$8d"C%(e:0H%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_`%
?&]H;M3#$8d"C%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`0%
8A4N4.%+/"#."%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`I%
(--"358d%F1%a#3.%+,#/.%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%X0%
%
& &
!"#$%&'()%*%+,#-."/%01%23./4567.843% G%
%
!"#$%&'(&-./01%,!
B8<6/"%0R%&87W%C#@"/%."//#83%$#--83<%-/4E"7.%Z4/$#C%"3<83""/83<%/"f68/"$"3.@R%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%I%
B8<6/"%HR%+6//"3.%@M@."$%,#@%>8@843%83%43CM%,4/8S43.#C%-C#3"R%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%K%
B8<6/"%9R%V6/.%9:;%&M@."$%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%K%
B8<6/"%GR%&'()%a"3"/#."5%9:;%)#-%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0L%
B8<6/"%_R%)463.83<%[#/5Q#/"%D6<,%)#./8d%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%00%
B8<6/"%`R%)#--83<%!"7,34C4<M%D6<,%)#./8d%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0H%
B8<6/"%XR%)#--83<%&4Z.Q#/"%a/#-,87#C%?@"/%23."/Z#7"%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0H%
B8<6/"%IR%[4W6M4%?!):9L'e%&"..83<@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%09%
B8<6/"%KR%;46NC"%^"/.87#C%&6--4/.P%!4-%+437"-.R%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0G%
B8<6/"%0LR%)4.4/%&6--4/."5%'#@"/R%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0_%
B8<6/"%00R%A4.#.843#C%)8//4/R%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0_%
B8<6/"%0HR%B83#C%(@@"$NCM%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0X%
B8<6/"%09R%B83#C%a8$N#C%;"@8<3%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0X%
B8<6/"%0GR%]8CC%YZ%)#."/8#C@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0I%
B8<6/"%0_R%2."$8S"5%+4$-43"3.%+4@.%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%0K%
B8<6/"%0`R%+433"7.843%Q8/83<%58#</#$%4Z%74$-43"3.@%43%.,"%-C#.Z4/$R%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HL%
B8<6/"%0XR%+=+g5%(C6$836$%D#/.@%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%H0%
B8<6/"%0IR%;^DcA%!#NC"%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HX%
B8<6/"%0KR%&"/>4%!"@.83<%#35%2$-C"$"3.#.843%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HI%
B8<6/"%HLR%H:;%&'()%a"3"/#."5%)#-%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HK%
B8<6/"%H0R%H:;%&'()%a"3"/#."5%)#-%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%HK%
B8<6/"%HHR%H:;%)#-%4Z%F3<83""/83<%]68C583<%09%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9L%
B8<6/"%H9R%H:;%)#-%4Z%F3<83""/83<%]68C583<%0KH%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9L%
B8<6/"%HGR%(7.6#C%)#-%4Z%F3<83""/83<%]68C583<%09%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%90%
B8<6/"%H_R%(7.6#C%)#-%4Z%F3<83""/83<%]68C583<%0KH%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%90%
B8<6/"%H`R%B8/@.%9:;%&7#3%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9H%
B8<6/"%HXR%9:;%23."3@8.M%&7#3%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%99%
B8<6/"%HIR%9:;%23."3@8.M%&7#3%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%99%
B8<6/"%HKR%9:;%23."3@8.M%&7#3%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9G%
B8<6/"%9LR%9:;%23."3@8.M%&7#3%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9G%
!"#$%&'()%*%+,#-."/%01%23./4567.843% _%
%
B8<6/"%90R%]435"/@43%]68C583<%0KX%[#CCQ#M%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9_%
B8<6/"%9HR%B8/@.%9:;%a"3"/#."5%)#-%b,8C"%)4>83<%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9`%
B8<6/"%99R%9:;%23."3@8.M%&7#3%4Z%!,"%D/4E"7.%!"#$%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%9`%
B8<6/"%9GR%[46@"%4Z%f6#C8.M%835"3.8ZM83<%76@.4$"/%/"f68/"$"3.@%#35%"3<83""/83<%@-"78Z87#.843@R%RRRRRRRRRR%G_%
B8<6/"%9_R%!,"%7437"-.6#C%5"@8<3%#--/4#7,%Z/4$%)F%GHI%C"7.6/"R%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%G`%
B8<6/"%9`R%[4W6M4%?!):9L'e%Y>"/>8"Q%D<R%0%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%GK%
B8<6/"%9XR%[4W6M4%?!):9L'e%Y>"/>8"Q%D<R%H%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_L%
B8<6/"%9IR%[4W6M4%?!):9L'e%&-"78Z87#.843@%D<R%0%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_0%
B8<6/"%9KR%[4W6M4%?!):9L'e%&-"78Z87#.843@%D<R%H%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_H%
B8<6/"%GLR%[4W6M4%?!):9L'e%&-"78Z87#.843@%D<R%9%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_9%
B8<6/"%G0R%[4W6M4%?!):9L'e%&-"78Z87#.843@%D<R%G%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_G%
B8<6/"%GHR%[4W6M4%?!):9L'e%&-"78Z87#.843@%D<R%_%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%__%
B8<6/"%G9R%;M3#$8d"C%(e:0H%&-"78Z87#.843@%D<R%0%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_`%
B8<6/"%GGR%;M3#$8d"C%(e:0H%&-"78Z87#.843@%D<R%H%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_X%
B8<6/"%G_R%;M3#$8d"C%(e:0H%&-"78Z87#.843@%D<R%9%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_I%
B8<6/"%G`R%;M3#$8d"C%(e:0H%&-"78Z87#.843@%D<R%G%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_K%
B8<6/"%GXR%;M3#$8d"C%(e:0H%&-"78Z87#.843@%D<R%_%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`L%
B8<6/"%GIR%?&]H;M3#$8d"C%&-"78Z87#.843@%D<R%0%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%__%
B8<6/"%GKR%?&]H;M3#$8d"C%&-"78Z87#.843@%D<R%H%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%_`%
B8<6/"%_LR%?&]H;M3#$8d"C%&-"78Z87#.843@%D<R%9%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`9%
B8<6/"%_0R%?&]H;M3#$8d"C%&-"78Z87#.843@%D<R%G%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`G%
B8<6/"%_HR%?&]H;M3#$8d"C%&-"78Z87#.843@%D<R%_%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`_%
B8<6/"%_9R%?&]H;M3#$8d"C%&-"78Z87#.843@%D<R%`%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%``%
B8<6/"%_GR%?&]H;M3#$8d"C%&-"78Z87#.843@%D<R%X%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`X%
B8<6/"%__R%8A4N4.%+/"#."%&-"78Z87#.843@%D<R%0%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`I%
B8<6/"%_`R%8A4N4.%+/"#."%&-"78Z87#.843@%D<R%H%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%`K%
B8<6/"%_XR%8A4N4.%+/"#."%&-"78Z87#.843@%D<R%9%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%XL%
B8<6/"%_IR%D/4E"7.%&7,"56C"%a#3.%+,#/.%D<0%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%X0%
B8<6/"%_KR%D/4E"7.%&7,"56C"%a#3.%+,#/.%D<H%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR%XH%!
%
!"#$%&'()%*%+,#-."/%01%23./4567.843% `%
%
%
%
%
%
%
!"#$%&'()%*%+,#-."/%01%23./4567.843% X%
%
)2"3+%1&45&6*+1'708+.'*&
9013',%&
!,"%-6/-4@"%4Z%.,8@%&"384/%D/4E"7.%8@%.4%5">"C4-%#35%8$-C"$"3.%#%.,/"":58$"3@843#C%$#--83<%#35%
3#>8<#.843%@M@."$%6.8C8S83<%C#@"/%."7,34C4<M%43%#%/4N4.87%-C#.Z4/$R%%!,"%@-43@4/%4Z%.,8@%-/4E"7.P%
&M3N4.87@O%2374/-4/#."5P%76//"3.CM%,#@%#3%4N@.#7C"%#>485#37"%@M@."$%43CM%4-"/#.83<%83%#%@83<C"%
,4/8S43.#C%-C#3"R%%!,8@%C8$8.@%.,"%$#--83<%#35%3#>8<#.843%#N8C8.M%4Z%.,"%/4N4.%N"7#6@"%4NE"7.@%N"C4Q%#35%
#N4>"%.,8@%-C#3"%#/"%34.%#77463."5%Z4/R%%(%.,/"":58$"3@843#C%@M@."$%8@%3""5"5%.4%#CC4Q%.,"%/4N4.%.4%
N".."/%3#>8<#."%#35%$#-%#3%#/"#%NM%#77463.83<%Z4/%.,"@"%4NE"7.@%83%.,"%.,8/5%58$"3@843%#35%#>48583<%
74CC8@843@R%%V"8.,%a6MP%&M3N4.87@O%+,8"Z%Fd"76.8>"%YZZ87"/P%/"f6"@."5%.,#.%.,"%@M@."$%N"%#NC"%.4%
#6.434$46@CM%3#>8<#."%#%N4635#/M%@".%."//#83%#35%7/"#."%#3%#776/#."%/"#C:.8$"%.,/"":58$"3@843#C%$#-R%%
!,8@%Q8CC%"3#NC"%.,"%6@"/%.4%/"Z"/"37"%.,"%7/"#."5%58<8.#C%$#-P%#35%58/"7.%.,"%/4N4.%.4%#3%83587#."5%
-4@8.843%43%.,"%$#-R%%23%#558.843P%#%@"7435#/M%/4N4.P%6@83<%C#@"/%."7,34C4<M%Q8CC%N"%#NC"%.4%/"Z"/"37"%.,"%
-/">846@CM%7/"#."5%$#-%83%/"#C:.8$"%.4%"3@6/"%.,"%-4@8.843%#35%4/8"3.#.843%4Z%8.@%C47#.843%Q,8C"%
5"."/$8383<%.,"%$4@.%"ZZ878"3.%3#>8<#.843%/46."R%%%
:#;%8+.<%,&
!,"%4NE"7.8>"%4Z%.,8@%-/4E"7.%8@%.4%7/"#."%#%.,/""%58$"3@843#C%$#--83<%#35%C47#C8S#.843%@M@."$%Z4/%#%
/4N4.87%-C#.Z4/$%6@83<%#%C#@"/%/#3<"%Z835"/R%!,"%,#/5Q#/"%<4#C@%Q"/"%.4%4/8<83#CCM%6@"%#%&2+V%')&:000%.4%
-/4567"%.,"%$#-@P%N6.%.,"%C#@"/%.,#.%Q8CC%N"%6@"5%8@%34Q%#%[4W6M4%?!):9L'eR%%b8.,%.,"%3"Q%,#/5Q#/"%
Q"%Q8CC%<".%.,"%C#@"/%.4%/4.#."%>"/.87#CCM%43%74$$#35%@4%.,#.%.,"%C#@"/%7#3%@7#3%6-%#35%54Q3%83%Z/43.%4Z%
.,"%/4N4.P%#35%-/4>85"%#3<6C#/%@"3@4/%5#.#%.4%.,"%743./4C%@M@."$%@4%.,#.%.,"%#3<C"%4Z%.,"%C#@"/%7#3%N"%
/"74/5"5R%&4$"%<4#C@%7437"/383<%@4Z.Q#/"%#/"%.4%6.8C8S"%Z4635%745"%#35J4/%5">"C4-%@4Z.Q#/"%.,#.%7#3%
N"%6@"5%.4%/"./8">"%5#.#%Z/4$%.,"%C#@"/P%-C4.%5#.#%.,/""%58$"3@843#CCMP%Z8C."/%8374//"7.%5#.#P%#35%-/4567"%
$#-@%.,#.%#/"%/"#5#NC"%NM%/4N4.@%#35%,6$#3@R%%;8/"7.%@-43@4/%74CC#N4/#.843%#35%74$$6387#.843%Q8CC%
83@6/"%.,#.%.,"%-/4E"7.%@-"78Z87#.843@%@#.8@ZM%4/%"d7""5%76@.4$"/%/"f68/"$"3.@R%
=*/.*%%1.*/&>3%8.(.8"+.'*,!
B8<6/"%0P%@,4Q3%N"C4QP%@,4Q@%.,"%C8@.%4Z%"3<83""/83<%@-"78Z87#.843@%Z4/%.,"%-/4E"7.R%!,"@"%#/"%.,"%@#$"%
/"f68/"$"3.@%C8@."5%83%.,"%,46@"%4Z%f6#C8.M%@,4Q3%83%(--"358d%(R%!,"@"%@-"78Z87#.843@%Q"/"%5"/8>"5%Z/4$%
.,"%76@.4$"/%/"f68/"$"3.@%Q,87,%@.#."5P%.,"%@M@."$%@,46C5%N"%C8<,.Q"8<,.P%6@"%.,"%[4W6M4%?!):9L'e%
C#@"/P%743@6$"%#@%C8..C"%-4Q"/%#@%-4@@8NC"%@837"%8.%4-"/#."@%43%N#.."/8"@P%-/4567"%9:;%$#-@%Z4/%/4N4.@%
#35%-"4-C"P%4-"/#."%83%#CC%Q"#.,"/%74358.843@P%Z8C."/%46.%Z#C@"%/"#583<@P%#35%,#>"%#3%#77"-.#NC"%Z8"C5%4Z%
>8"QR%%!#/<".%36$N"/@%Z4/%.,"@"%@-"78Z87#.843@%Q"/"%"8.,"/%-/4E"7.843@%4Z%-#/#$"."/@%#5>"/.8@"5%NM%4ZZ%
.,"%@,"CZ%-#/.@%.,#.%Q46C5%N"%6@"5%4/%"@.8$#."@%43%Q,#.%@-"78Z87#.843@%Q46C5%N"%/"f68/"5%.4%74$-C"."%
.,"%.#@WR%!,"%-4Q"/%743@6$-.843%@-"78Z87#.843P%Z4/%"d#$-C"P%Q#@%N#@"5%43%.,"%#5>"/.8@"5%-4Q"/%6@#<"%
4Z%.,"%[YV?hY%?!):9L'e%C#@"/%/#3<"Z835"/%83%#558.843%.4%.,"%-4Q"/%3""5"5%Z4/%.,"%$4.4/%.4%/4.#."%.,"%
C#@"/%#35%#%-4@@8NC"%58<8.#C%#3<6C#/%@"3@4/R%!,"%C8<,.83<%74358.843@%Q"/"%5"."/$83"5%6@83<%#5>"/.8@"5%
&2+V%@-"78Z87#.843@%Z4/%.,"%C#@"/P%Q,87,%8@%7#-#NC"%4Z%4-"/#.83<%5#M%#35%38<,.R%!,"%/"f68/"5%Z8"C5%4Z%>8"Q%
Z4/%.,"%C#@"/%Q#@%"@.8$#."5%N#@"5%43%./8<434$"./M%7#C76C#.843@%6@83<%#%743@"/>#.8>"%/#3<"%Z4/%.,"%C#@"/R%%
!,"%/8@W%Z#7.4/@%C8@."5%74//"@-435%.4%[8<,%i[jP%)"586$%i)jP%#35%'4Q%i'jR%[8<,:/8@W%@-"78Z87#.843@%#/"%.,"%
!"#$%&'()%*%+,#-."/%01%23./4567.843% I%
%
$4@.%58ZZ876C.%.4%@#.8@ZMR%+4$-C8#37"%.4%.,"%/"f68/"$"3.@%8@%7#."<4/8S"5%NM%(3#CM@8@%i(jP%!"@.%i!jP%
&8$8C#/8.M%.4%Fd8@.83<%;"@8<3@%i&jP%#35%23@-"7.843%i2jR%!,"@"%C".."/@%83587#."%.,"%$".,45@%.,#.%Q8CC%N"%6@"5%
.4%$"".%.,"%@-"78Z87#.843@R%
"#$%&'!()%&87W%C#@"/%."//#83%$#--83<%-/4E"7.%Z4/$#C%"3<83""/83<%/"f68/"$"3.@R%
%
!2%&?'0,%&'(&@0"$.+A&
(--"358d%(%@,4Q@%.,"%,46@"%4Z%f6#C8.MP%#%7,#/.%.4%7433"7.%76@.4$"/%/"f68/"$"3.@%Q8.,%74//"@-43583<%
"3<83""/83<%@-"78Z87#.843@R%!,"%C"Z.%@85"%4Z%.,"%,46@"%4Z%f6#C8.M%@,4Q@%.,"%C8@.%4Z%76@.4$"/%/"f68/"$"3.@R%
!,8@%C8@.%Q#@%5">"C4-"5%58/"7.CM%Q8.,%.,"%@-43@4/R%%!,"%.4-%4Z%.,"%,46@"%4Z%f6#C8.M%@,4Q@%#%C8@.%4Z%
"3<83""/83<%@-"78Z87#.843@%.,#.%Q"/"%5"/8>"5%Z/4$%.,"%76@.4$"/%/"f68/"$"3.@R%!,"%$#/W83<@%83%.,"%
N4d"@%74//"C#."%.,"%76@.4$"/%/"f68/"$"3.@%Q8.,%.,"%"3<83""/83<%@-"78Z87#.843@%.,#.%@,46C5%@#.8@ZM%.,"$R%
!,"%Q"8<,."5%.4.#C%43%.,"%C"Z.%,#35%@85"%83587#."@%.,"%/"C#.8>"%8$-4/.#37"%4Z%"#7,%4Z%.,"%76@.4$"/k@%
5"$#35@%#@%83587#."5%NM%.,"%@-43@4/R%!,"%/8<,.%@85"%C8@.@%76//"3.%-/4567.@%.,#.%#/"%@8$8C#/%.4%.,"%
-/4-4@"5%-/4E"7.%#35%.,"%36$N"/@%N"C4Q%"#7,%-/4567.%@,4Q@%,4Q%Q"CC%8.%@#.8@Z8"@%.,"%74//"@-43583<%
/"f68/"$"3.%43%#%@7#C"%4Z%0%.4%_R%!,8@%83587#."@%Q,"/"%.,8@%-/4-4@"5%-/4E"7.%7#3%@6/-#@@%76//"3.%
-/4567.@%43%.,"%$#/W".R%%%
%
*+',)!
-! ./&/0'1'&!2'3,&#+1#45!
6'7%#&'0'51!4&!
8/&$'1!9%5#13:! 84;'&/5,'! 6#3<! =40+;#/5,'!
0% &M@."$%6@"@%[4W6M4%?!):9L'e% %% %% '% (P&%
H% ]#.."/M%C8Z"% I%,46/@% )83% '% !P&%
9% Y-"/#.83<%C8<,.%/"f68/"$"3.@% RLLH:09LPLLL%C6d% A#3<"% '% (P&%
G% ^8@843%7#-#N8C8.8"@%-"/7"3.#<"% KIl% )83% [% !%
_% !8$"%.4%/"C#M%5#.#%.4%6@"/%% 0%@"7435% )#d% )% !%
`% &.4/"@%;#.#%Z4/%"d./#7.843%#35%C#."/%6@"% % % '% !%
X% D/">"3.%#CC%Z#C@"%/"#583<@% % % [% !P%2%
I% B6CC%/"-C#7"$"3.%83@.#CC% 0%$836."% )#d% )% (P%!%
K% !/#8383<%.8$"%3""5"5%63.8C%Z6CCM%4-"/#NC"% 0_%$836."@%% )#d% )% (P%!%
0L% B6CCM%@"CZ:7#C8N/#."@%.4%-"/7"3.%%#776/#7M% KIl% )83% )% !%
00% 2$-C"$"3.@%Q8.,%76//"3.%-C#.Z4/$%% % % )% (P%2P%!%
0H% (CC%Q"#.,"/%7#-#N8C8.M% % % )% !P&%
09% ^"/.87#C%Z8"C5%4Z%>8"Q% GL%5"</""@% )83% B% (P!%
0G% [4/8S43.#C%Z8"C5%4Z%>8"Q%% 0HL%5"</""@% )83% '% (P!%
0_% b"8<,.% 0_%-4635@% )#d% '% (P!%
0`% +#3%Q8.,@.#35%8$-#7.%@-""5% HL%$-,% )83% )% (P!%
0X% &8S"% 9LL$$%76N"5% )#d% )% (%
!"#$%&'()%*%+,#-."/%H1%]#7W</4635% K%
%
)2"3+%1&B5&C"8D/1'0*7&
(@%$"3.843"5%N"Z4/"P%&M3N4.87@O%8@%76//"3.CM%6@83<%
$#36#C%."//#83%$#--83<%#35%,4/8S43.#C%-C#3"%
C47#C8S#.843R%%!,8@%$".,45%8@%"ZZ"7.8>"P%N6.%54"@%743.#83%
.Q4%C8$8.#.843@P%.,"%83#N8C8.M%.4%$"#@6/"%,"8<,.%#35%
83Z4/$%.,"%6@"/%4Z%4NE"7.@%.,#.%#/"%C4Q"/%4/%,8<,"/%.,#3%
.,"%C#@"/%N"#$R%%23%#558.843%.4%.,"@"%C8$8.#.843@P%4.,"/%
-/4NC"$@%.,#.%3""5%.4%N"%#55/"@@"5%#/"%Z#C@"%/"#583<@R%%
!,"@"%$#M%837C65"%.,"%C#@"/%/"Z/#7.83<%4ZZ%4Z%56@.P%/#83P%4/%
.#CC%</#@@%#35%"$6C#.83<%#%@4C85%4NE"7.R%%!4%74$-"3@#."%
Z4/%.,8@P%.,"/"%3""5@%.4%N"%#%Z8C."/83<%7#-#N8C8.M%.4%"3@6/"%
.,"%/"#583<@%#/"%74//"7.R%
!4%#774$-C8@,%9:;%/"#583<@P%43"%$6@.%@.8CC%6@"%#%C#@"/%.,#.%
@7#3@%,4/8S43.#CCM%83%.,"%@M@."$%83."/3#CCMR%%!,8@%#CC4Q@%Z4/%.,"%
C#@"/%.4%/"#5%83%#%-C#3"R%%23%4/5"/%.4%/"#5%>"/.87#CCMP%.,"%C#@"/%
$6@.%N"%$463."5%43%#%N/#7W".%.,#.%Q8CC%#776/#."CM%/4.#."%6-%
#35%54Q3%.4%@-"78Z8"5%#3<C"@R%%!,"%,4/8S43.#C%-#.,%4Z%.,"%C#@"/%
N"#$%#35%>"/.87#C%/4.#.843%4Z%.,"%C#@"/%@M@."$%Q8CC%.,"3%/"#5%83%
#%9:;%$".,45R%%!,"%/"7"8>"5%5#.#%Z4/$#.%$6@.%N"%./#3@C#."5%.4%
#3%#77"-.#NC"%"3>8/43$"3.%6@83<%@4Z.Q#/"%@67,%#@%^8/.6#C%
A"#C8.M%)45"C83<%'#3<6#<"%i^A)'jR%%F3#NC83<%.,"%6@"/%.4%,#>"%#%
9:;%@7"3"%4Z%.,"%."//#83%"3>8/43$"3.P%^A)'%#CC4Q@%.,"%6@"/%.4%
3#>8<#."%#35%"d-C4/"%.,"%7/"#."5%@7"3"R%%)#3M%-"4-C"%,#>"%
#C/"#5M%#7,8">"5%.,"%<4#C%4Z%9:;%$#--83<P%N6.%.,"%f6#C8.M%#35%#776/#7M%,#>"%/44$%Z4/%8$-/4>"$"3.R%%
Y3"%"d#$-C"%8@%.,"%V6/.9:;%-/4E"7.%Z/4$%.,"%?38>"/@8.#.%Y@3#N/67W%83%a"/$#3MR%%!,8@%@M@."$%6.8C8S"@%.,"%
&87Wm%')&%HLL%#35%#%^4CSm%@"/>4$4.4/%743./4CC"5%4@78CC#.83<%N/#7W".R%%!,"%$".,45%.,#.%.,8@%@M@."$%
6@"@%.4%54%&'()%8@%@4$"Q,#.%83"ZZ878"3.R%%23%4/5"/%.4%<"3"/#."%9:;%$#-@P%.,"%/4N4.%$6@.%$4>"%.4%#%
C47#.843P%@.4-%83%-C#7"P%#35%.,"3%74$-C"."%#%@7#3%#N46.%9L%5"</""@%N"C4Q%#35%XL%5"</""@%#N4>"%
,4/8S43.#CR%%!,8@%$".,45%8@%>"/M%.8$"%743@6$83<%#35%$#M%34.%N"%#--/4-/8#."%Z4/%.,"%5"@8<3R%%!,8@%@M@."$%
7#3%N"%@""3%83%Z8<6/"%9R%%(C.,46<,%.,8@%@M@."$%#--"#/@%.4%N"%>"/M%"ZZ"7.8>"%#35%<"3"/#."@%<445%f6#C8.M%
$#-@P%8.%8@%C8$8."5%.4%.,"%"d./"$8.M%4Z%."//#83%#35%@C4Q%83%5#.#%#7f68@8.843R%%!,"%$#-@%7/"#."5%NM%76//"3.%
9:;%&'()%@M@."$@%."35%.4%743.#83%-44/%4NE"7.%4/%."//#83%/"-/"@"3.#.843R%%!,8@%8@%56"%.4%$6C.8-C"%
-/4NC"$@P%N6.%.,"%$4@.%">85"3.%8@%.,"%/"@4C6.843%4Z%.,"%C#@"/%@7#3383<R%%b,8C"%837/"#@83<%.,"%/"@4C6.843%
<"3"/#."@%#%,8<,"/%f6#C8.M%$#-P%8.%#C@4%<"3"/#."@%$4/"%5#.#%-483.@R%%!,8@P%83%/"@6C.P%5"$#35@%$4/"%
74$-6.#.843#C%7#-#N8C8.8"@%#35%Z#@."/%-/47"@@83<R%%%
!
%
"#$%&'!>)%V6/.%9:;%&M@."$%
"#$%&'!?)!+6//"3.%@M@."$%,#@%>8@843%83%43CM!,4/8S43.#C%-C#3"R%
!"#$%&'()%*%+,#-."/%H1%]#7W</4635% 0L%
%
(34.,"/%"d#$-C"%4Z%#3%"d8@.83<%@4C6.843%.4%9:;%&'()%8@%.,"%
?38>"/@8.M%4Z%)87,8<#3k@%)(a2+%+4$-".8.843%N4.R%%!,8@%
@M@."$%6.8C8S"@%#%[4W6M4%?!):9L'e%'85#/%/#3<"%Z835"/%#35%
#%;M3#$8d"C%(e:0H%@"/>4%Z4/%C#@"/%/4.#.843R%%!,8@%@M@."$%8@%
>"/M%@8$8C#/%.4%Q,#.%.,"%-/4E"7.%8@%#.."$-.83<%.4%
#774$-C8@,R%%)6C.8-C"%/4N4.@%Q4/W%.4<".,"/%.4%$#-%46.%#%
C#/<"%#/"#%#35%"#7,%/4N4.%,#@%#%7#$"/#%.,#.%7/"#."@%#%
-8d"C#."5%8$#<"%Z4/%/4N4.87%74$$6387#.843R%%!,"8/%C#@"/%
$463.83<%@M@."$%8@%>"/M%85"#C%#35%#%<445%$45"C%#@%#%N#@8@%
Z4/%.,"%5"@8<3R%%!,"%C#@"/%83%.,"8/%@M@."$%8@%743@.#3.CM%
4@78CC#.83<%43%#%<8$N#C%@M@."$%#35%.,"%/4N4.%54"@%34.%
3""5%.4%@.4-%.4%54%C#@"/%@7#3@R%
!4%$#d8$8S"%.,"%"ZZ"7.8>"3"@@%4Z%#%9:;%."//#83%$#--83<%
@M@."$%.,"%/4N4.%$6@.%7/"#."%#3%#776/#."%#35%f6#C8.M%
/"-C87#.843%4Z%.,"%@7#33"5%."//#83R%%!,8@%Q8CC%#CC4Q%.,"%6@"/%.4%"#@8CM%>8"Q%.,"%$#-%Q,8C"%"3#NC83<%.,"%
/4N4.%.4%-/"78@"CM%/"Z"/"37"%.,"%$#-%Z4/%#776/#."%3#>8<#.843R%Y3"%43C83"%@46/7"%.,#.%-/4>85"@%4-"3%
@46/7"%C47#C8S#.843%#35%$#--83<%#C<4/8.,$@%8@%+)?g@%A4N4.87%)83"%)#--83<%D/4E"7.R%!,"@"%#C<4/8.,$@%
#774$-C8@,%.,"%@4Z.Q#/"%<4#C%#35%746C5%N"%6@"5%#@%-#/.%4Z%.,"%-/4E"7.%@4C6.843R%(558.843#CCMP%)#/#.,43%
A4N4.87@%#C/"#5M%4ZZ"/@%#%@8$8C#/%/4N4.%.,#.%8@%7#-#NC"%4Z%3#>8<#.843P%-4@8.84383<%#35%C47#C8S#.843%#35%8@%
6@"5%#@%#%.#/<".%-/#7.87"%/4N4.R%b,8C"%.,"@"%76//"3.%@4Z.Q#/"%#35%/4N4.87%-/4567.@%#/"%34.%-"/Z"7.%
@4C6.843@%.4%.,8@%-/4E"7.P%.,"M%-/4>85"%#%@.#/.83<%-483.R%
"#$%&'!@)!&'()%a"3"/#."5%9:;%)#-!
!"#$%&'()%*%+,#-."/%91%;"@8<3%;">"C4-$"3.% 00%
%
)2"3+%1&E5&F%,./*&F%<%$'3G%*+&
F%,./*&>%$%8+.'*&
!4%@"C"7.%.,"%.4-%7437"-.P%#%D6<,%$#./8d%i@,4Q3%83%B8<6/"%_j%Q#@%6@"5%.4%74$-#/"%.4-%7437"-.@%.4%#%
5#.6$%6@83<%>#/846@%@"C"7.843%7/8."/843R%%23%.,"%D6<,%$#./8d%.,#.%Q#@%6@"5%.,"%7/8."/843%Q"/"%C8@."5%43%
.,"%C"Z.%@85"%#35%"#7,%7437"-.%Q#@%C8@."5%#7/4@@%.,"%.4-R%%B4/%"#7,%7437"-.P%#%nokP%n:n%P%4/%n&k%Q"/"%6@"5%.4%
/"-/"@"3.%N".."/%.,#3P%Q4/@"%.,#3P%4/%.,"%@#$"%#@%.,"%5#.6$%/"@-"7.8>"CMR%%(C.,46<,%.,"/"%Q#@%#%C4.%4Z%
7/8."/843%6@"5%Z4/%74$-#/8@43P%@4$"%4Z%.,"$%,#5%$4/"%8$-4/.#37"%.,#3%4.,"/@%#35%.#W"3%$4/"%83.4%
#77463.%Q,"3%$#W83<%#%Z83#C%5"78@843R%%!,"%@74/"@%Z4/%"#7,%7437"-.%iC8@."5%43%.,"%N4..4$%4Z%.,"%D6<,%
$#./8dj%Q"/"%">#C6#."5%#35%#77"@@"5%.4%@""%.,"%@./"3<.,@%#35%Q"#W3"@@"@%4Z%"#7,%7437"-.R%%&4$"%4Z%.,"%
$4/"%8$-4/.#3.%7/8."/843%837C65"5%C#@"/%#776/#7MP%@7#3%4/8"3.#.843P%#35%Z8"C5%4Z%>8"QR%%+/8."/843%C8W"%
Q"8<,.%#35%@8S"%Q"/"%34.%#@%8$-4/.#3.%83%5"78583<%43%.,"%Z83#C%7437"-.%@"C"7.843R%%
%
"#$%&'!A)%)463.83<%[#/5Q#/"%D6<,%)#./8d%
!"#$%&'()%*%+,#-."/%91%;"@8<3%;">"C4-$"3.% 0H%
%
&8$8C#/CMP%#%D6<,%$#./8d%Q#@%6@"5%.4%">#C6#."%>#/846@%$#--83<%."7,34C4<M%.,#.%746C5%N"%6@"5%.4%54%9:;%
&'()R%%!,8@%$#./8d%8@%@,4Q3%83%Z8<6/"%`R%%!,"@"%7437"-.@%Q"/"%74$-#/"5%#<#83@.%.,"%C#@"/%.,#3%
&M3N4.87@O%#C/"#5M%-4@@"@@"@P%.,"%&2+V%')&:000R%%Y.,"/%.4-%7437"-.@%837C65"5%.,"%[4W6M4%?!):9L'eP%#%
;"-.,%+#$"/#P%#35%#%&2+V%')&:HK0R%%&4$"%4Z%.,"%$4/"%8$-4/.#3.%7/8."/843%837C65"5%-4Q"/%
743@6$-.843P%$#--83<%#776/#7MP%#35%$#--83<%@-""5R%%+/8."/843%C8W"%74C4/%$#--83<%#35%@8S"%Q"/"%34.%#@%
8$-4/.#3.R%
%
"#$%&'!B)%)#--83<%!"7,34C4<M%D6<,%)#./8d%
>'(+H"1%&F%,./*&)'*8%3+,&
!,"/"%#/"%.,/""%#@-"7.@%.4%.,"%@4Z.Q#/"%/"f68/"$"3.%Z4/%.,8@%-/4E"7.R%B8/@.P%5#.#%$6@.%N"%74CC"7."5%#35%
-/4-"/CM%@./67.6/"5%83%4/5"/%.4%N"%6@"5%
"ZZ"7.8>"CMR%%&"7435P%.,"%@4Z.Q#/"%$6@.%-C4.%
.,"%9:;%-483.%7C465@%.4%Z4/$%$#-@%Z4/%#%
-"/@43%.4%>8"QR%'#@.CMP%.,"%@4Z.Q#/"%$6@.%
#CC4Q%.,"%/4N4.%.4%3#>8<#."%#35%-4@8.843%8.@"CZ%
.,/46<,%.,"%9:;%$#-@%8.%7/"#."@R%!,"/"%#/"%
$#3M%4-"3%@46/7"%-/4</#$@%7#-#NC"%4Z%5483<%
@C#$%#35%3#>8<#.843P%N6.%3"#/CM%#CC%4Z%.,"$%
Q4/W%83%.Q4%58$"3@843@R%%?3Z4/.63#."CM%#Z."/%
$67,%/"@"#/7,P%9:;%&'()%@4Z.Q#/"%8@%
74$$"/78#CCM%63#>#8C#NC"R%%Y3CM%43"%4-"3%
@46/7"%-/4</#$%,#@%N""3%Z4635%.,#.%8@%
7#-#NC"%4Z%5483<%9:;%@C#$%-483.%$#--83<R%!,8@%
@4Z.Q#/"%74$"@%Z/4$%.,"%?38>"/@8.M%4Z%
Y@3#N/67W%83%a"/$#3M%#35%,#@%N""3%74$-8C"5%
#35%."@."5R%!,8@%@4Z.Q#/"%-"/Z4/$@%@C#$%
#C<4/8.,$@%6.8C8S83<%.,"%9:;%C#@"/%/#3<"%5#.#%#35%Q,""C%454$"."/%5#.#%.4%$#.7,%.,"%@7#33"5%@6/Z#7"@%
!"##$%&'()*+%,-,&.
!"##$%$&'(
)*+$%(,-./01.(
0'2345)6
78.0+'"8 902:(;$&+.% !$:'-(<*2$%*
=>(<*2$%*+(
?%"*&@0A*'".&
;B<C()D;(=EF
/0$1)0$,%2/,%*)#1 F = 4 G H I J
;"K$ ; L 3 L L 3
M*&@$ =5 L 3 3 3 3 L
N.O$%(8.&+02:'".& F=O L L 3 L L 3
M$+.A0'".& P=H(!QR ; 3 3 3 3 ;
D*::"&@(*880%*81ST0*A"'1 ; 3 3 3 3 ;
D*::"&@(+:$$U H5(VW 3 3 3 L 3 L
D*"&'*&$&8$ ; L 3 L L ;
<.+' HC 3 L L 3 L 3
X$"@-' FPFCR L L 3 L L 3
<.A.%(2*::"&@ ; ; ; L L ;
Y$%'"8*A(#"$AU.#(Z"$O ; 3 3 3 3 ;
V.%"K.&'*A(#"$AU(.#(Z"$O F[5(!QR ; 3 3 3 3 3
;.#'O*%$(8.2:A$>"'1 3 ; L ; ; L
!*1S\"@-'(D*::"&@(7]"A"'1 ; ; ; 3 3 ;
^(L 4 H = I I 4
^(3 4 I F5 J J H
^(; [ 4 = F F I
!7
?_
D
;"8/()D;FFF
"#$%&'!C)%)#--83<%&4Z.Q#/"%a/#-,87#C%?@"/%23."/Z#7"%
!"#$%&'()%*%+,#-."/%91%;"@8<3%;">"C4-$"3.% 09%
%
.4<".,"/%#35%Z8C."/%46.%N#5%5#.#R%!,"%@4Z.Q#/"%743.#83@%#%>8"Q"/%-/4</#$%.,#.%58@-C#M@%.,"%@7#33"5%5#.#%
83%9:;%Q8.,%743./4C@%.4%3#>8<#."%.,/46<,%.,"%>8/.6#C%$#-%#@%@,4Q3%83%.,"%8$#<"%.4%.,"%/8<,.R%b,8C"%.,8@%
-/4</#$%<"3"/#."@%74//"7."5%9:;%$#-@%Z4/%,6$#3@%.4%>8"QP%8.%54"@%34.%743>"/.%.,"@"%$#-@%.4%#%Z4/$#.%
/"#5#NC"%NM%.,"%/4N4.P%#35%54"@%34.%#55/"@@%.,"%3#>8<#.843%4Z%.,"%/4N4.R%%
&4%Z#/P%74$$"/78#C%9:;%$#-%3#>8<#.843%@4Z.Q#/"%,#@%34.%N""3%Z4635R%[4Q">"/P%H:;%3#>8<#.843%746C5%N"%
8$-C"$"3."5%@837"%.,"/"%#/"%$#3M%4-"3%@46/7"%@4Z.Q#/"%4-.843@%Z4/%H:;R%2Z%9:;%3#>8<#.843%7#334.%N"%
$".P%H:;%3#>8<#.843%$#M%N"%@6ZZ878"3.%8Z%.,"%9:;%4N@.#7C"%5#.#%8@%6@"5%.4%<"3"/#."%H:;%4N@.#7C"%$#-@R%
!,8@%7#3%N"%#774$-C8@,"5%NM%./"#.83<%4N@.#7C"@%Q8.,83%#%7"/.#83%/#3<"%4Z%"C">#.843%iZ/4$%</4635%.4%/4N4.%
,"8<,.j%#35%./"#.%.,"$%#@%H:;%4N@.#7C"@%.,#.%.,"%/4N4.%7#334.%<4%.,/46<,R%
F%,./*&9"1"G%+%1,&"*7&I%,'$0+.'*&
&">"/#C%4-.843@%#35%@"..83<@%$6@.%N"%@"C"7."5%Z4/%.,"%C#@"/%@7#3R%!,"%@"..83<@%@,4Q3%N"C4Q%Q"/"%
@"C"7."5%.4%<8>"%.,"%N"@.%/"#@43#NC"%/"@4C6.843%-4@@8NC"%Q8.,%.,"%[4W6M4%?!):9L'e%#35%$838$8S"%.,"%
.8$"%3""5"5%.4%<"3"/#."%$#-@R%
D#/#$"."/%;"@7/8-.843% )"#@6/"$"3.%
[4/8S43.#C%@7#3%/#3<"% 0IL%5"</""@%
^"/.87#C%@7#3%/#3<"% :9L%.4%XL%5"</""@%Z/4$%,4/8S43.#C%
[4/8S43.#C%#3<C"%@."-%i-#/#$"."/%4Z%?!):9L'ej% LRH_%5"</""@%%
^"/.87#C%#3<C"%@."-%i"@.8$#."5%-#/#$"."/%4Z%@"/>4$4.4/j% LRH_%5"</""@%%
!8$"%.4%@7#3%43"%,4/8S43.#C%-C#3"%i-#/#$"."/%4Z%?!):9L'ej% LRLH_%@"7435@%%
;#.#%-483.@%-"/%,4/8S43.#C%-C#3"% XHL%-483.@%
[4/8S43.#C%@7#3%-C#3"@% GLL%-C#3"@%
!4.#C%5#.#%-483.@% HIIPLLL%
!8$"%.4%54%43"%Z6CC%9:;%@7#3% I%@"7435@%o%$4.4/%$4>"$"3.%.8$"%
"#$%&'!DR%[4W6M4%?!):9L'e%&"..83<@%
!,"%@8S"%4Z%.,"%9:;%$#-%5#.#%Z8C"@%8@%$67,%C#/<"/%.,#3%.,"%36$"/87#C%C#@"/%5#.#%C4<R%!,"%.8$"%/"f68/"5%.4%
<"3"/#."%$#-@%@7#C"@%Q8.,%.,"%@8S"%4Z%.,"%C47#.843%N"83<%$#--"5R%2.%8@%58ZZ876C.%.4%@#M%,4Q%C43<%.,"%$#-%
<"3"/#.843%-/47"@@%Q8CC%.#W"%#35%,4Q%N8<%.,"%5#.#%Z8C"@%Q8CC%N"%Q8.,46.%Z6/.,"/%."@.83<%4Z%.,"%746-C"5%
@4Z.Q#/"%#35%,#/5Q#/"R%
-0+01%&>'(+H"1%&F.1%8+.'*&
;6"%.4%.,"%@4Z.Q#/"%#--C87#.843%N"83<%/"@./#83"5%NM%.,"%C#7W%4Z%5#.#%74CC"7.843P%76//"3.CM%@4Z.Q#/"%
-/4</"@@%8@%$838$#CR%%(Z."/%.,"%C#@"/%/4.#.843%@M@."$%8@%$#36Z#7.6/"5%#35%74$-C"."5P%@4Z.Q#/"%Q8CC%.,"3%
N"%.,"%43CM%Z476@%4Z%.,"%-/4E"7.R%%!,"%83."/Z#783<%4Z%.,"%"C"7./87#C%-#/.@%#35%@4Z.Q#/"P%Q,87,%7#3%N"%@""3%
83%7,#-."/%GP%8@%-C#33"5%#35%/"#5M%.4%N"%74$-C"."5R%%?@83<%.,"%76//"3.%4-"3%@46/7"%`:;%@C#$%@4Z.Q#/"%
Q"%76//"3.CM%-4@@"@@%#35%7#3%/63P%83%743E637.843%Q8.,%A4N4.%Y-"/#.83<%&M@."$%iAY&jP%.,"%-/4E"7.%8@%
"d-"7."5%.4%N"%74$-C"."5R%%%
%
!"#$%&'()%*%+,#-."/%91%;"@8<3%;">"C4-$"3.% 0G%
%
?"17H"1%&F%,./*&)'*8%3+,&
F'0#$%&J%1+.8"$&>033'1+&K&!2%&!'3&)'*8%3+&
!,8@%5"@8<3%,#@%.Q4%-C#."@%Q8.,%#%-8>4.%-483.%.,#.%7#3%@7/"Q%43.4%.Q4%$463.83<%-483.@%43%"#7,%@85"%4Z%
.,"%C#@"/R%!,"%-6/-4@"%4Z%.,"@"%-C#."@%8@%.4%#..#7,%
.4%.,"%C#@"/%#35%-/4>85"%#%-8>4.%-483.%#@%.,"%#d8@%4Z%
/4.#.843%Z4/%.,"%C#@"/R%!,"%-C#."@%#/"%5"@8<3"5%@4%
.,#.%.,"%#d8@%4Z%/4.#.843%8@%#.%.,"%7"3."/%4Z%</#>8.M%
4Z%.,"%[4W6M4%?!):9L'e%C#@"/%#35%N/#7W".%
74$N83#.843R%!,8@%Q8CC%$838$8S"%.,"%/4.#.843%83"/.8#%
.,#.%.,"%@"/>4%Q8CC%,#>"%.4%4>"/74$"%.4%/4.#."%8.%
#35%.,6@%$838$8S"%.,"%-4Q"/%/"f68/"5%NM%.,"%
$4.4/%#35%.,"%.8$"%/"f68/"5%.4%/4.#."%.,"%C#@"/R%
!,"%-8>4.%-C#."@%@C85"%.,/46<,%#%,4C"%83%.,"%>"/.87#C%
@6--4/.%43%"8.,"/%@85"R%!,"%@"/>4$4.4/%8@%
@6--4/."5%NM%#%,4/8S43.#C%-C#."%-"/-"35876C#/%.4%
43"%4Z%.,"%>"/.87#C%@6--4/.@R%!,"%$4.4/%@,#Z.%
#..#7,"@%58/"7.CM%.4%.,"%-8>4.%7MC835"/%Q,87,%8@%#..#7,"5%.4%.,"%C#@"/R%!,"%$4.4/%,#@%#%58@W%@,#-"5%46.-6.%
Q8.,%.,/"#5"5%,4C"@%83%8.R%&7/"Q@%<4%.,/46<,%.,"%-8>4.%-C#."@%#35%@7/"Q%83.4%.,"%$4.4/%46.-6.%.4%@"76/"%
8.%.4%.,"%C#@"/R%!,"%C#@"/%Q8CC%N"%#NC"%.4%/4.#."%Q"CC%4>"/%0IL%5"</""@%83%.,8@%743Z8<6/#.843R%!,8@%N/#7W".%
Q46C5%N"%>"/M%@./43<%#35%746C5%Q8.,@.#35%#7785"3.#C%8$-#7.@R%(%@$#CC%$4.4/%Q46C5%N"%3""5"5%#35%8.%
Q46C5%34.%,#>"%.4%"d"/.%$67,%.4/f6"%.4%/4.#."%.,"%C#@"/%#/4635%8.@%7"3."/%4Z%</#>8.MR%!,8@%5"@8<3%8@%C8W"CM%
.,"%$4@.%/4N6@.%5"@8<3P%N6.%Q46C5%/"f68/"%$4/"%$#."/8#C@%#35%N"%@C8<,.CM%,#/5"/%.4%$#36Z#7.6/"R%%
a"4$"./8"@%4Z%.,8@%5"@8<3%,#>"%34.%N""3%Z83#C8S"5%#@%58@7/"."%$"#@6/"$"3.@R%)"#@6/"$"3.@%Q8CC%N"%
/"C#.8>"%.4%.,"%C#@"/%#35%$4.4/%@4%.,#.%.,"M%Z8.%#@%5"@8<3"5%#35%@,4Q3%#N4>"R%!,"%N/#7W".%Q8CC%N"%$#5"%
46.%4Z%@.""C%4/%#C6$836$%5"-"3583<%43%74@.%#35%Q"8<,.%7437"/3@R%%)#36Z#7.6/83<%-/47"@@"@%Q8CC%837C65"%
5/8CC83<P%.#--83<P%@,"#/83<P%N"3583<P%76..83<P%$#7,8383<P%#35%Q"C583<R%(CC%Z4/"@""#NC"%$#36Z#7.6/83<%7#3%
N"%543"%83%.,"%)6@.#3<%`L%$#7,83"%@,4-%4/%!,"%)"7,#387#C%F3<83""/83<%[#3<"/R%%(%N"#/83<%@6/Z#7"%8@%
3""5"5%Z4/%.,8@%5"@8<3R%&837"%.,"%C#@"/%Q"8<,@%43CM%#N46.%RG%W<P%-C#@.87%@C"">"%N"#/83<@%Q8CC%N"%@6ZZ878"3.%
Z4/%.,"%C#@"/%/4.#.843R%B83#C%58$"3@843@%43%.,"%7437"-.P%N"#/83<%@"C"7.843P%#35%$4.4/%@"C"7.843%#/"%N"83<%
/"@"#/7,"5%N6.%#/"%@.8CC%8374$-C"."R%
% &
"#$%&'!E)!;46NC"%^"/.87#C%&6--4/.P%!4-%+437"-.R!
!"#$%&'()%*%+,#-."/%91%;"@8<3%;">"C4-$"3.% 0_%
%
L'+'1&>033'1+&
!,8@%5"@8<3%8@%"d#7.CM%.,"%@#$"%#@%.,"%#N4>"%5"@8<3%"d7"-.%.,#.%.,"%
$4.4/%@85"%>"/.87#C%@6--4/.%8@%$67,%@,4/."/%#35%43CM%@6--4/.@%.,"%$4.4/%
#35%34.%.,"%-8>4.%-483.R%!,"%$4.4/%#..#7,"@%@8$8C#/CM%.4%.,"%-8>4.%-C#."@%
43%.,"%C#@"/R%!,8@%/"567"@%.,"%#$463.%4Z%$#."/8#C%3""5"5%.4%$#W"%.,"%
>"/.87#C%@6--4/.%N/#7W".%#35%$838$8S"@%.,"%#$463.%4Z%$#7,8383<%#35%
N"#/83<@%3""5"5R%Y3%.,"%4.,"/%,#35P%43"%@85"%4Z%.,"%C#@"/%8@%@6--4/."5%
"3.8/"CM%NM%.,"%$4.4/R%!,"%C#@"/%8.@"CZ%54"@%34.%Q"8<,%>"/M%$67,%@4%.,8@%
5"@8<3%$8<,.%N"%#77"-.#NC"R%!,"%$4.4/%$6@.%N"%#NC"%.4%N"#/%.,"%C#@"/%
C4#5%43%8.@%#d8@%/#58#CCM%#35%$6@.%N"%@./43<%"346<,%.4%Q8.,@.#35%.,83<@%
#7785"3.#CCM%N6$-83<%83.4%.,"%C#@"/R%!,"%C#@"/%Q8CC%N"%#NC"%.4%/4.#."%Q"CC%
4>"/%0IL%5"</""@%83%.,8@%743Z8<6/#.843R%
I'+"+.'*"$&L.11'1&
!,"%$8//4/%5"@8<3%8@%/46<,CM%.,"%@#$"%85"#%#@%.,"%Z8/@.%5"@8<3%
Q8.,%.,"%.Q4%>"/.87#C%@6--4/.@R%!,"%N8<%58ZZ"/"37"%8@%.,#.%.,"%
C#@"/%N"#$%8@%/"ZC"7."5%4ZZ%4Z%#%$8//4/%.,#.%/4.#."@%NM%58/"7.%
#..#7,$"3.%.4%.,"%$4.4/R%!,8@%5"@8<3%,#@%.,"%#5>#3.#<"%4Z%
6@83<%C"@@%-4Q"/%@837"%.,"%$8//4/%,#@%C"@@%83"/.8#%.,#3%.,"%
C#@"/%#35%746C5%-/4>85"%-/4."7.843%.4%.,"%C#@"/%@837"%43CM%.,"%
$8//4/%Q46C5%3""5%.4%N"%58/"7.CM%"d-4@"5%.4%.,"%"d."/84/%4Z%
.,"%/4N4.R%[4Q">"/P%C#@"/%/"ZC"7.843%4ZZ%4Z%#%$8//4/%,#@%34.%
N""3%."@."5%M".%#35%746C5%7#6@"%58@.4/.843@%4/%-/4NC"$@%Q8.,%
<#.,"/83<%5#.#R%?37"/.#83.M%83%C#@"/%$8//4/%83."/#7.843@%
$#W"@%.,8@%7437"-.%#%/8@WM%7,487"R%& "#$%&'!(()!A4.#.843#C%)8//4/R!
"#$%&'!(F)!)4.4/%&6--4/."5%'#@"/R%
!"#$%&'()%*%+,#-."/%G1%;"@7/8-.843%4Z%B83#C%;"@8<3% 0`%
%
)2"3+%1&M5&F%,81.3+.'*&'(&-.*"$&F%,./*&
%
:<%1"$$&F%,81.3+.'*&"*7&N"A'0+&&
!,"%-/4E"7.@%,8<,%C">"C%Z83#C%5"@8<3%6.8C8S"@%#%-C#3#/%C#@"/%/#3<"%Z835"/%.,#.%$463.@%43.4%#3%4@78CC#.83<%
N/#7W".%.,#.%8@%/4.#."5%NM%#%743./4CC"5%@"/>4$4.4/%.4%"3#NC"%.,"%@7#3383<%4Z%#%9:;%"3>8/43$"3.R%%!,"%
546NC"%@6--4/.%5"@8<3P%#@%$"3.843"5%83%7,#-."/%9P%Q8CC%N"%6@"5R%%!,8@%@8$-C"%#35%/4N6@.%5"@8<3%8@%$4/"%
.,#3%7#-#NC"%4Z%#774$-C8@,83<%.,"%-/4E"7.k@%3""5@R%%23%743E637.843%Q8.,%.,"%`:;%@C#$%4-"3%@46/7"%745"%
#35%AY&%iA4N4.%Y-"/#.83<%&M@."$jP%.,8@%@4Z.Q#/"%"3#NC"@%6@%.4%/"#5%#35%58@-C#M%Z6.6/"%74CC"7."5%`:;%
-483.%7C465@R%%!,8@%"3.8/"%<8$N#C%@M@."$%Q8CC%.,"3%N"%$463."5%43%#%76@.4$%$463.83<%N/#7W".R%%!,"%
N/#7W".%Q8CC%N"%$463."5%43.4%#3%#6.434$46@%/4N4.R%%!,8@%/4N4.%Q8CC%#CC4Q%6@%.4%."@.%43%#%-C#.Z4/$%.,#.%
6.8C8S"@%"3745"/@%83%.,"%Q,""C@%.4%-C#.Z4/$%-4@8.843%#35%#3<C"R%%!,"%"3745"/@%#/"%3"7"@@#/M%Z4/%.,"%
@C#$`;%@4Z.Q#/"%.4%Q4/WR%
F%+".$%7&F%,./*&F%,81.3+.'*&&
!,"%Z83#C%5"@8<3%6@"@%.,"%[4W6M4%?!):9L'e%C#@"/%/#3<"%Z835"/%83@."#5%4Z%.,"%&87W%')&%000R%
&-"78Z87#.843@%#/"%74$-#/#NC"%#35%.,"%[4W6M4%,#@%#%C#/<"/%$#d8$6$%/#3<"R%!,"%N/#7W".%,#@%N""3%
/"5"@8<3"5%.4%#774$$45#."%.,"%3"Q%@$#CC"/%C#@"/R%%?33"7"@@#/M%Q"8<,.%,#@%N""3%/"$4>"5%Z/4$%#/"#@%
4Z%.,"%N/#7W".%.4%$838$8S"%.,"%$4.4/%Q4/W%#35%$#d8$8S"%N#.."/M%C8Z"%4Z%.,"%-C#.Z4/$R%!,"%;M3#$8d"C%(e:
0H%@"/>4$4.4/%Q8CC%N"%6@"5%.4%-/"78@"CM%743./4C%.,"%#3<C"%4Z%.,"%C#@"/%Q8.,%#N46.%43"%.,8/5%4Z%5"</""%
#776/#7MR%!,8@%$4.4/%,#@%#%!4/f6"%7#-#78.M%4Z%0`R_%W<Z:7$%#.%0L^P%Q,87,%8@%"346<,%.4%/4.#."%.,"%9XL<%
C#@"/R%%!,"%N/#7W".%,#@%.Q4%#/$@%.,#.%"d."35%Z/4$%.,"%-8>4.%-483.%54Q3%.4%.,"%N4..4$%4Z%.,"%C#@"/%#35%
@7/"Q%83.4%.,"%$463.83<%-483.@R%!Q4%>"/.87#C%@6--4/.@%,4C5%.,"%-8>4.83<%N/#7W".%$463.@R%(%/4.4/%N/#7W".%
#..#7,"@%43.4%.,"%@"/>4$4.4/%#35%C83"@%6-%7437"3./87#CCM%Q8.,%.,"%-8>4.%#d8@R%(%@83<C"%@7/"Q%Q8CC%<4%
.,/46<,%.,"%N/#7W".%#/$%#35%@7/"Q%83.4%.,"%/4.4/%N/#7W".%58@WR%'47.8."%Q8CC%#7.%#@%#3%#5,"@8>"%N".Q""3%
.,"%@7/"Q%#35%.,"%74$-43"3.@%.4%"3@6/"%.,#.%8.%54"@%34.%/4.#."%C44@"%4>"/%.8$"R%!,"%$4.4/%8.@"CZ%
#..#7,"@%.4%#%NC47W%#..#7,"5%.4%.,"%>"/.87#C%-C#."%Q8.,%@7/"Q@R%%DC#@.87%@C"">"%N"#/83<@%Q8CC%N"%-/"@@%Z8.."5%
43.4%.,"%C#@"/%N/#7W".@%@4%.,#.%.,"/"%8@%C"@@%@C8583<%Z/87.843%Z4/%.,"%$4.4/%.4%4>"/74$"R%B6/.,"/$4/"P%
.,"/"%Q8CC%N"%C"@@%Q"#/%43%.,"%N/#7W".%$#."/8#C%#.%.,"%Z/87.843%-483.%Q,87,%Q8CC%-/"@"/>"%.,"%#776/#7M%4Z%
.,"%C#@"/%Z4/%C43<"/R%
%
!,"%-/">846@CM%5"@7/8N"5%<8$N#C%@M@."$%Q8CC%.,"3%N"%$463."5%43%.,"%76@.4$%-C#.Z4/$%@""3%83%.,"%Z83#C%
#@@"$NCMP%Z8<6/"%0HR%%?.8C8S83<%.,8@%-C#.Z4/$%Q8CC%#CC4Q%.,"%<8$N#C%@M@."$%#35%#%C#-.4-%74$-6."/%.4%N"%
C47#CCM%$463."5%43%.,"%8A4N4.%+/"#."%-C#.Z4/$R%%!,"%Z83#C%5"@8<3%7#3%N"%@""3%83%B8<6/"%09R%
!,"%4-"3%@46/7"%@4Z.Q#/"%-#7W#<"P%&C#$%`:;P%Q8CC%N"%6@"5%.4%-"/Z4/$%.,"%&'()%#C<4/8.,$%43%.,"%
74CC"7."5%5#.#%.4%-"/Z4/$%8."/#.8>"%-483.%$#.7,83<%N".Q""3%58ZZ"/"3.%@7#3@R%!,"%$#--83<%@M@."$%Q8CC%N"%
/63P%#35%#Z."/%74$-C"."5%74CC"7.843%4Z%5#.#%8.%7#3%.,"3%N"%$#--"5R%%!,"%@4Z.Q#/"%Q8CC%.,"3%/"#5%.,"%
74CC"7."5%5#.#%#35%<"3"/#."%#%6@"/%/"#5#NC"%9:;%$#-%4Z%.,"%74//"7."5%5#.#%-483.@R%
!
!"#$%&'()%*%+,#-."/%G1%;"@7/8-.843%4Z%B83#C%;"@8<3% 0X%
%
%
"#$%&'!(?)!B83#C%(@@"$NCM!
%
"#$%&'!(>)%B83#C%a8$N#C%;"@8<3%
!"#$%&'()%*%+,#-."/%G1%;"@7/8-.843%4Z%B83#C%;"@8<3% 0I%
%
)',+&C1%"D7'H*&!
!,"%-/4567.843%-/87"%4Z%.,"%5">87"%Q8CC%N"%@8<38Z87#3.CM%$4/"%"d-"3@8>"%Z4/%.,"%-/4.4.M-"%.,#3%.,"%$#@@%
-/4567"5%5">87"R%!,8@%8@%-#/.CM%N"7#6@"%.,"%N/#7W".%3""5@%.4%N"%76@.4$%$#5"%Z4/%.,"%[4W6M4%C#@"/%
Q,87,%Q8CC%/"@6C.%83%743@85"/#NC"%$#."/8#C%#35%$#7,8383<%74@.@R%2Z%.,"%5">87"%Q#@%.4%N"%$#@@%-/4567"5%
Z#7.4/M%.44C83<%#35%$4C5@%Q46C5%$#W"%-/4567.843%$67,%$4/"%"ZZ878"3.%6@"%4Z%.,"%#C6$836$%$#."/8#C%
#35%76.%54Q3%@8<38Z87#3.CM%43%-4@.:7#@.83<%$#7,8383<%74@.@%#35%.8$"R%B6/.,"/$4/"P%.4%5">"C4-%.,"%
-/4.4.M-"%Q"%Q8CC%3""5%#%743>"38"3.%."@.83<%-C#.Z4/$R%!,"%8A4N4.%+/"#."%-C#.Z4/$%Q8CC%Q4/W%Z4/%83544/%
."@.83<%#35%5">"C4-$"3.%4Z%.,"%C#@"/%N/#7W".%#35%@4Z.Q#/"R%%
%
G#;;!HI!J/1'&#/;3!
2!F)%=YR% D(A!%=?)]FA% \!hR%
0% 8A4N4.%+/"#."% 0%
H% D'(!BYA)%&?DDYA!% G%
9% D'(!BYA)% 0%
G% `:9H%H2=%&+AFb% G%
_% B/#$"% 0%
`% [4W6M4%?!):9L'e% 0%
X% (e%0H%&"/>4%)4.4/% 0%
I% A4.4/%]/#7W".% 0%
K% '#@"/%]/#7W".%:%'"Z.% 0%
0L% '#@"/%]/#7W".%:%A8<,.% 0%
00% '#@"/%]/#7W".%]6@,83<% H%
0H% H$:0H%&[+&% G%
09% H$%=?!% G%
0G% 9):0L%&[+&%:%B'(=aF%]?!!Y=% 0%
0_% H):`%&[+&% G%
0`% 9):I%&[+&%:%B'(=aF%]?!!Y=% I%
%
"#$%&'!(@)!]8CC%YZ%)#."/8#C@!
%
K1'0!=431!
2."$%=4R% D#/.%=6$N"/% \.MR% !4.#C%+4@.%
0% [4W6M4%?!):9L'e% 0% p_P`LL%%
H% (C6$836$%&.47W% :% pHLL%%
!"#$%&'()%*%+,#-."/%G1%;"@7/8-.843%4Z%B83#C%;"@8<3% 0K%
%
9% DC#@.87%&C"">"%]"#/83<@% H% pHL%%
G% )8@7"CC#3"46@%D#/.@% 0% p9L%%
_% ;M3#$8d"C%(e:0H%&"/>4$4.4/% 0% pG_%%
`% ;M3#$8d"C%.4%?&]%+43>"/."/% 0% p_L%%
X% 8A4N4.%+/"#."%D/"$86$%!"@.83<%DC#.Z4/$% 0% p9LL%%
I% )#7,8383<%#35%b"C583<%!8$"% :% p`LJ,/%
"#$%&'!(A)!2."$8S"5%+4$-43"3.%+4@.!
L"+%1."$O&P%'G%+1AO&"*7&)'G3'*%*+&>%$%8+.'*&&
!,"%N/#7W".%$#."/8#C%Q8CC%N"%#C6$836$%N"7#6@"%4Z%8.@%"d7"CC"3.%Q"8<,.%.4%@.8ZZ3"@@%/#.84R%!,"%N/#7W".%
-C#."%-#/.@%#/"%.,83%N6.%$6@.%#C@4%N"%/8<85%@4%.,#.%.,"%C#@"/%54"@%34.%$4>"%#/4635%$67,R%!,"%[4W6M4%
?!):9L'e%C#@"/%Q#@%7,4@"3%N"7#6@"%4Z%.,"%74@.%4Z%4N.#8383<%8.%#35%8.@%@#.8@Z#7.4/M%/#3<"%#35%#776/#7MR%
!,"%;M3#$8d"C%(e:0H%@"/>4$4.4/%Q#@%7,4@"3%N"7#6@"%8.%8@%$4/"%.,#3%7#-#NC"%4Z%,#35C83<%.,"%7#C76C#."5%
83"/.8#C%C4#5@%4Z%.,"%C#@"/%#35%,#@%#%,8<,%5"</""%4Z%#3<6C#/%#776/#7MR%!,"%/4.#.843#C%-8>4.%-483.%4Z%.,"%
C#@"/%8@%C47#."5%3"#/%.,"%7"3."/%4Z%</#>8.M%4Z%.,"%/4.#.843#C%74$-43"3.@%.4%$838$8S"%/4.#.843#C%83"/.8#R%
+C"#/#37"%Q8CC%3""5%.4%N"%#5"f6#."%N".Q""3%.,"%C#@"/%$463.%#35%>"/.87#C%-C#."%.4%"3@6/"%.,#.%.,"/"%8@%
34%83."/Z"/"37"%N"7#6@"%$#36Z#7.6/83<%Q8CC%C8W"CM%N"%83"d#7.R%(558.843#CCMP%7C"#/#37"%$6@.%N"%C"Z.%Z4/%.,"%
Q8/"@%7433"7.83<%.4%.,"%C#@"/R%B/""%Q8/"%Q8CC%3""5%.4%N"%#>#8C#NC"%@4%.,#.%.,"%C#@"/%7#3%/4.#."R!
Q.1.*/&F."/1"G&
!
!"#$%&'()%*%+,#-."/%G1%;"@7/8-.843%4Z%B83#C%;"@8<3% HL%
%
"#$%&'!(BR%+433"7.843%Q8/83<%58#</#$%4Z%74$-43"3.@%43%.,"%-C#.Z4/$R%
L"*0("8+01.*/&F1"H.*/,&&
!,"%;M3#$8d"C%(e:0H%@"/>4$4.4/%5".#8C"5%5"@8<3%5/#Q83<%8@%@,4Q3%83%.,"%#--"358dR%!,"%58$"3@843@%
@,4Q3%Q"/"%6@"5%.4%5"@8<3%.,"%N/#7W".%,4C"@%#35%C83"%6-%.,"%$4.4/%Q8.,%-8>4.%-483.@R%
!,"%[4W6M4%?!):9L'e%5".#8C"5%5"@8<3%5/#Q83<%8@%@,4Q3%83%.,"%#--"358dR%!,"%5/#Q83<%@,4"@%.,"%
$#36Z#7.6/"/%/"74/5"5%58$"3@843@%4Z%.,"%C#@"/%#35%.,"%C47#.843@%4Z%.,"%$463.83<%-483.@%Q,87,%8@%7"3./#C%
.4%.,"%5"@8<3%4Z%.,"%N/#7W".R%
>"(%+A&)'*,.7%1"+.'*,&&
!,"%C#@"/%8@%>"/M%"d-"3@8>"%#35%Z#8/CM%>6C3"/#NC"%#@%8.%8@%-4@8.843"5%83%.,"%.4-%Z/43.%4Z%.,"%7/"#."%-C#.Z4/$%
#35%8@%-/43"%.4%5#$#<"%8Z%5/4--"5R%Fd./#%7#6.843%@,46C5%N"%.#W"3%#/4635%.,"%C#@"/R%+4/5@%/63383<%Z/4$%
.,"%$4>83<%/4N4.%-C#.Z4/$%746C5%-/4>85"%#%./8--83<%,#S#/5R%;/4-:4ZZ@%@67,%#@%@.#8/@%@,46C5%N"%#>485"5%#@%
.,8@%746C5%5#$#<"%.,"%"f68-$"3.R%!,"%/4N4.%@,46C5%34.%N"%5/8>"3%#/4635%-"4-C"%Q,4%#/"%34.%#Q#/"%4Z%
8.%#@%.,"M%$#M%@."-%43%8.P%5#$#<83<%.,"%C#@"/%4/%4.,"/%"f68-$"3.R%
L".*+%*"*8%&"*7&I%3".1&)'*,.7%1"+.'*,&
+437"/383<%$#83."3#37"%#35%/"-#8/P%.,"%N/#7W".%#35%$4.4/%@,46C5%C#@.%#%C43<%.8$"%Q8.,46.%#3M%3""5%Z4/%
$#83."3#37"%Q8.,%.,"%"d7"-.843%4Z%f687W%7C"#383<%8Z%6@"5%83%56@.M%4/%58/.M%"3>8/43$"3.@R%2358>856#C%
74$-43"3.@P%837C6583<%.,"%C#@"/%#35%@"/>4$4.4/%7#3%f687WCM%N"%63@7/"Q"5%#35%/"-C#7"5%8Z%63"d-"7."5CM%
5#$#<"5R%
% %
!"#$%&'()%*%+,#-."/%_1%D/4567.%A"#C8S#.843% H0%
%
)2"3+%1&R5&91'708+&I%"$.S"+.'*&
%
F%,81.3+.'*&'(&G"*0("8+01.*/&31'8%,,&
23%4/5"/%.4%$#83.#83%.,"%,8<,%-/"78@843%#35%.4C"/#37"@%4Z%.,"%5"@8<3P%#%+4$-6."/%=6$"/87#CCM%+43./4CC"5%
i+=+j%$8CC%$#7,83"5%.,"%-#/.@R%%!,8@%Q#@%543"%6.8C8S83<%.,"%)6@.#3<%`L%$#7,83"%@,4-%43%.,"%+#C%D4CM%
7#$-6@R%%%(Z."/%74$-C".843%.,"%-#/.@%Q"/"%-4C8@,"5%.4%$#83.#83%#3%#"@.,".87#CCM%-C"#@83<%#--"#/#37"%
#35%/"$4>"%N6//@%Z/4$%.,"%$#7,8383<R%%&4$"%4Z%.,"%$#36Z#7.6/"5%-#/.@%7#3%N"%@""3%83%.,"%Z4CC4Q83<%
Z8<6/"R%
%
"#$%&'!(C)!+=+g5%(C6$836$%D#/.@%
-.*"$&91'708+&6+%1"+.'*,&
YZ%46/%Z83#C%-/4567.%.,"/"%Q"/"%43CM%.,/""%34.87"#NC"%58ZZ"/"37"@%Z/4$%46/%Z83#C%5"@8<3R%%(C.,46<,%
3"7"@@#/M%#CC%Q"/"%/"C#.8>"CM%@8$-C"P%#35%$#5"%#%@$#CC%N6.%3"7"@@#/M%58ZZ"/"37"%83%.,"%46.74$"R%
B8/@.P%56"%.4%.,"%C#@"/%N"83<%#3%"C"7./4387%5">87"P%8.%<"3"/#."@%,"#.R%%!,"/"Z4/"%56"%.4%.,"%#$463.%4Z%
,"#.P%8.%Q#@%5""$"5%3"7"@@#/M%.4%5"@8<3P%N68C5%#35%6@"%#%76@.4$%#C6$836$%,"#.%@83WR%%!,"%,"#.%@83W%
$#5"%#%>"/M%34.87"#NC"%58ZZ"/"37"%83%W""-83<%.,"%C#@"/%744CR%%%;6"%.4%.,8@%#558.843P%.,"%C#@"/%@,46C5%34.%
!"#$%&'()%*%+,#-."/%_1%D/4567.%A"#C8S#.843% HH%
%
,#>"%#3M%-/4NC"$@%Z/4$%4>"/%,"#.83<%#35%-4."3.8#CCM%5#$#<83<%8.@"CZR%%&837"%Q"%,#5%#C/"#5M%
$#36Z#7.6/"5%#CC%4Z%.,"%-#/.@%Z4/%#@@"$NCM%N"Z4/"%/"#C8S83<%.,"%3"7"@@8.M%4Z%.,"%,"#.%@83WP%.,"/"%Q"/"%
743@85"/#NC"%743@./#83.@%43%8.@%@8S"%#35%C47#.843R%%;6"%.4%.,"%/4.#.843%#35%$463.83<%4Z%.,"%C#@"/P%.,"%
,"#.%@83W%Q#@%5"@8<3"5%.4%,#>"%#%76/>"5%@,#-"P%$463.%58/"7.CM%.4%.,"%@6/Z#7"%4Z%.,"%C#@"/P%#35%4-.8$8S"%
,"#.%./#3@Z"/%.,/46<,%#%,8<,%f6#3.8.M%4Z%Z83@R%
&"7435P%Q#@%.,"%-4Q"/%@46/7"%#35%/"<6C#.843%Z4/%.,"%-"/8-,"/#C@R%%!,/46<,46.%.,"%."@.83<%4Z%.,"%
$#--83<%-C#.Z4/$P%#%5"587#."5%"d."/3#C%-4Q"/%@6--CM%Q#@%6@"5%83%4/5"/%.4%$#83.#83%#%/"C8#NC"%-4Q"/%
@46/7"R%%%(Z."/%#3#CM@8@%#35%"3@6/83<%.,"%8A4N4.%+/"#."%N#.."/M%Q#@%$4/"%.,#3%7#-#NC"%4Z%-4Q"/83<%46/%
@M@."$P%8.%Q#@%5"785"%.4%6.8C8S"%.,"%43N4#/5%N#.."/M%.4%-4Q"/%.,"%$#--83<%-C#.Z4/$R%%;483<%@4%Q46C5%
#CC4Q%Z4/%#%74$-C"."CM%7#NC"%Z/""%@M@."$R%%23%#558.843P%.,"%46.-6.%4Z%.,"%N#.."/M%Q#@%34.%.,"%74//"7.%
-4Q"/%@4%#%>4C.#<"%/"<6C#.4/%Q#@%6@"5%.4%/"567"%54Q3%.4%.,"%3"7"@@#/M%>4C.#<"R%%(%Z6@"%Q#@%#C@4%
8$-C"$"3."5%.4%"C8$83#."%#3M%76//"3.%@6/<"@%83%.,"%@M@."$%#C43<%Q8.,%#%5845"%.4%-/">"3.%/">"/@"%
-4C#/8.MR%%(5583<%.,"@"%@#Z".M%-/"7#6.843@%$#5"%.,"%-C#.Z4/$%$4/"%/"C8#NC"%#35%-/4."7.8>"%4Z%.,"%
74$-43"3.@R%
'#@.CMP%Q,"3%$#36Z#7.6/83<%.,"%#C6$836$%-C#.Z4/$%.4%@6--4/.%.,"%C#-.4-P%8.%Q#@%5"785"5%.4%$#83.#83%#%
@.#35#/5%.,87W3"@@%4Z%qrR%%!,8@%Q#@%56"%.4%$6C.8-C"%/"#@43@R%!,"%Z8/@.%N"83<%.,#.%56"%.4%.,"%<"4$"./M%4Z%
.,"%@,#-"%#35%@"f6"37"%4Z%$#7,8383<%.,"%-#/.R%%2.%Q46C5%,#>"%#55"5%633"7"@@#/M%74$-C87#.843@%.4%
/"567"%.,"%.,87W3"@@R%%(C@4P%83%4/5"/%.4%$#83.#83%#%/8<85%-C#.Z4/$P%8.%Q#@%5"785"5%.4%C"#>"%.,"%#C6$836$%
#.%.,"%@.#35#/5%.,87W3"@@R%%
I%8'GG%*7"+.'*,&('1&-0+01%&L"*0("8+01.*/&
!,"%43CM%/"74$$"35#.843%.,#.%Q#@%.,46<,.%4Z%#Z."/%."@.83<%Q#@%.4%5"@8<3%#%$4/"%@"76/"%-C#.Z4/$%Z4/%
@6--4/.83<%.,"%43N4#/5%74$-6."/R%%!,"%/4N4.%@-""5%Q#@%W"-.%@C4Q%56/83<%."@.83<P%#35%@4$"%Z/87.843%
-#5@%Q"/"%-C#7"5%N".Q""3%.,"%-C#.Z4/$%#35%.,"%C#-.4-R%%!,8@%Q4/W"5%Z4/%46/%-6/-4@"@P%N6.%Q46C5%34.%
N"%@6ZZ878"3.%83%#%$4/"%/4N6@.%/4N4.%Q8.,%,#/@,"/%."//#83R%
%
% %
!"#$%&'()%*%+,#-."/%`1%;"@8<3%^"/8Z87#.843%DC#3P%A"@6C.@%c%2$-C"$"3.#.843% H9%
%
)2"3+%1&T5&F%,./*&J%1.(.8"+.'*&9$"*O&I%,0$+,&U&6G3$%G%*+"+.'*&
!%,+&F%,81.3+.'*,&
!,"%.Q4%#@-"7.@%4Z%.,8@%-/4E"7.%7#3%N"%N/4W"3%6-%83.4%#%,#/5Q#/"%@85"%#35%#%@4Z.Q#/"%@85"R%%]6.%@837"%.,"%
@4Z.Q#/"%@85"%7#334.%N"%@.#/."5%63.8C%#CC%,#/5Q#/"%8@%74$-C"."5P%.,"%."@.@%.,#.%$6@.%N"%-"/Z4/$"5%$6@.%
N"%543"%@"f6"3.8#CCMR%%!,"@"%."@.@%7#3%N"%</46-"5%.4<".,"/%N#@"5%43%-/4E"7.%-/4</"@@843R%
!,"%Z8/@.%@".%4Z%."@.@%Q8CC%83>4C>"%.,"%."@.83<%#35%>"/8Z87#.843%4Z%"#7,%,#/5Q#/"%74$-43"3.%83>4C>"5%83%.,"%
-/4E"7.R%%F#7,%,#/5Q#/"%."@.%Q8CC%"3@6/"%.,#.%.,"M%#/"%Z637.843#C%#35%/"567"%,#/5Q#/"%-/4NC"$@%C#."/%83%
.,"%$#36Z#7.6/83<%4Z%.,"%-/4E"7.R%%!,"%;M3#$8d"C%(e:0H%@"/>4$4.4/%Q#@%."@."5%Z8/@.R%%!,8@%8@%#%-/4567.%
>"/8Z87#.843%."@.%#35%Q8CC%4776/%83%.,"%7437"-.%>"/8Z87#.843%."@.%@.#<"R%%!,8@%."@.%83>4C>"5%6@83<%"d8@.83<%
@4Z.Q#/"%.4%-/4-"/CM%743./4C%.,"%#3<C"%#35%@-""5%4Z%.,"%@"/>4%46.-6.R%%!,"%3"d.%.Q4%."@.@%Q"/"%#C@4%
-/4567.%>"/8Z87#.843%."@.@%#35%Q8CC%4776/%83%.,"%-/4567.%>#C85#.843%."@.%@.#<"R%%!,"%[4W6M4%C#@"/%Q#@%
."@."5%.4%"3@6/"%#776/#."%C#@"/%/"#583<@P%."@.83<%Z4/%/#3<"%#35%@7#3383<%@-""5%.4%$#.7,%@-"78Z87#.843@R%%
!,"%8A4N4.%7/"#."%Q#@%."@."5%Z4/%#776/#7M%83%5/8>83<%58@.#37"P%.8$83<%#35%.6/383<R%
!,"%3"d.%@".%4Z%."@.@%Q8CC%83>4C>"%.,"%<8$N#C%C#@"/%@M@."$%#35%.,"%-/4-"/%74$-8C#.843%4Z%5#.#R%%!,"%Z8/@.%
."@.%83>4C>"5%.,"%$"7,#387#C%N/#7W".%#@@"$NCM%#35%/4.#.843P%#35%8@%#%5"@8<3%>"/8Z87#.843%."@.R%%b,"3%.,"%
<8$N#C%@M@."$%8@%-6.%.4<".,"/P%.,8@%."@.%Q8CC%"3@6/"%-/4-"/%/4.#.843%4Z%.,"%C#@"/%#35%@6ZZ878"3.%7C"#/#37"@%
"d8@.R%%!,"%7433"7.843@%Q"/"%#C@4%."@."5%.4%$#W"%@6/"%.,#.%34%@C4-%"d8@.@%Z4/%$#d8$6$%#776/#7MR%%!,"%
3"d.%."@.%83>4C>"5%8$-C"$"3.83<%@4Z.Q#/"%Q8.,%.,"%<8$N#C%@M@."$P%#35%8@%#%7437"-.%>"/8Z87#.843R%%!,8@%
."@.%83>4C>"5%5483<%#%@83<C"P%@.#.843#/M%9;%@7#3%."@.R%%'#@"/%58@.#37"%/".6/3@%Q8CC%N"%$#.7,"5%Q8.,%@"/>4%
#3<C"@%#35%-C4.."5%.4%7/"#."%#%@83<C"%9;%>8"Q%4Z%.,"%@6//463583<%#/"#R%%!,8@%Q#@%#%,6<"%@."-%.4Q#/5@%.,"%
74$-C".843%4Z%.,8@%-/4E"7.R%
!,"%3"d.%@".%4Z%."@.@%Q8CC%83>4C>"%.,"%74$-8C#.843%4Z%$6C.8-C"%9;%@7#3@R%%!,"%Z8/@.%."@.%83>4C>"5%#%$6C.8-C"%
9;%@7#3%@C#$%#C<4/8.,$%83544/%."@.R%%23%.,"@"%."@.@P%#%@7#3%Q8CC%N"%.#W"3P%.,"%/4N4.%Q8CC%$4>"P%#35%
#34.,"/%@7#3%Q8CC%N"%.#W"3R%%!,8@%-/47"@@%Q8CC%N"%/"-"#."5%#35%.,"@"%8358>856#C%@7#3@%Q8CC%N"%-C4.."5%
.4<".,"/%/"@6C.83<%83%#%-483.%7C465%4Z%5#.#%-483.@R%%!,8@%8@%#%-/4567.%>"/8Z87#.843%."@.%#35%Q8CC%7,"7W%.Q4%
58ZZ"/"3.%.,83<@R%%!,"%Z8/@.%8@%.4%"3@6/"%.,#.%.,"%&C#$9;%-/4</#$%/".6/3@%#%>8@6#CCM%#776/#."%-483.%7C465%
$#-R%%!,"%@"7435%7,"7W%Q8CC%."@.%.,"%-/4</#$%#35%.,"%74$-6."/%.,#.%Q8CC%N"%6@"5R%%]4.,%4Z%.,"@"%.,83<@%
Q"/"%."@."5%.4%7,"7W%8Z%C#/<"%5#.#%@".@%7#3%N"%,#35C"5%@6ZZ878"3.CM%#35%f687WCM%.4%$"".%.,"%@-43@4/k@%
-6/-4@"R%%!,"%C#@.%4Z%.,"@"%.M-"@%4Z%."@.@%83>4C>"5%#%743.83646@%9;%@7#3R%%;483<%.,8@%."@.%Q8CC%</"#.CM%
837/"#@"%.,"%"ZZ878"37M%4Z%.,"%/4N4.R%%!,"%"3745"/@%Z/4$%.,"%/4N4.87%-C#.Z4/$%Q"/"%74$N83"5%Q8.,%.,"%
@"/>4%#3<C"%#@%Q"CC%#@%.,"%C#@"/%58@.#37"%/".6/3R%%!,8@%8@%#%/"@"#/7,%."@.%#35%.,8@%Q8CC%83>"@.8<#."%-4@@8NC"%
#776/#7M%-/4NC"$@%Q8.,%@8$6C.#3"46@%$4>83<%#35%@7#3383<R%
!,"%C#@.%@".@%4Z%."@.@%Q"/"%83%.,"%$8@7"CC#3"46@%7#."<4/MR%%!,"%Z8/@.%."@.%83>4C>"5%#%N#.."/M%C8Z"%."@.R%%b"%
."@."5%.,"%N#.."/M%.4%"3@6/"%.,#.%-4Q"/%.4%.,"%@M@."$%Q8CC%C#@.%C43<%"346<,%.4%$"".%.,"%@-43@4/k@%
@-"78Z87#.843@R%%!,"/"%#/"%.Q4%58ZZ"/"3.%-4Q"/%@46/7"@%43%.,"%/4N4.1%.,"%N#.."/M%837C65"5%Q8.,%.,"%8A4N4.%
+/"#."P%#35%.,"%N#.."/M%6@"5%Q8.,%.,"%C#-.4-P%Q,87,%-/4>85"5%-4Q"/%.4%.,"%C#@"/%#35%.,"%@"/>4R%%F#7,%4Z%
.,"@"%N#.."/8"@%Q#@%."@."5%56/83<%34/$#C%4-"/#.843%.4%"3@6/"%@6ZZ878"3.%N#.."/M%C8Z"R%%="d.%Q#@%#%@"..83<@%
4-.8$8S#.843%."@.%Z4/%.,"%@4Z.Q#/"R%%!,8@%8@%#%-/47"@@%>#C85#.843%."@.%#35%/"f68/"5%7,#3<"@%83%.,"%
!"#$%&'()%*%+,#-."/%`1%;"@8<3%^"/8Z87#.843%DC#3P%A"@6C.@%c%2$-C"$"3.#.843% HG%
%
-/4</#$$83<R%%)#--83<%5".#8C%#35%@-""5P%Q,87,%#/"%83>"/@"CM%-/4-4/.843#CP%Q"/"%."@."5%#35%4-.8$8S"5%
.4%/63%#@%Z#@.%#@%-4@@8NC"%Q,8C"%<8>83<%.,"%/"f68/"5%$#--83<%5".#8CR%%!,"%Z83#C%."@.%.,#.%Q#@%743567."5%8@%#%
743@8@."37M%."@.P%Q,87,%8@%#%-/4567.%>#C85#.843R%%!,8@%."@.%Q#@%.4%7,"7W%.4%@""%8Z%.,"%$#-@%-/4567"5%#/"%
#776/#."%#35%/"-"#.#NC"R%%!,"@"%.Q4%Z#7.4/@%#/"%"@@"3.8#C%Z4/%6@"%83%3#>8<#.843R%
%
%
%
%
!"#$%&'()%*%+,#-."/%01%2"3456%7"/4849#.4:6%;<#6=%>"3?<.3%@%A$-<"$"6.#.4:6% BC%
%
%
!"#$%&'(")$*$+,-$.&'/0,&'1'2"#30-#'4,50"'
%
ME428/ME429/ME430 DVP&R Format 
Report Date:  2-3-2011 Sponsor:  
Synbotics 
          Component/Asse
mbly 
  REPORTING ENGINEER: 
Kevin Parsons 
TEST PLAN TEST REPORT 
Item 
No 
Specification 
or Clause 
Reference Test Description 
Acceptance 
Criteria 
Test  
Responsibility Test 
Stage 
SAMPLES 
TESTED 
 TIMING TEST RESULTS 
NOTES 
Quantity Type 
Start 
date 
Finish 
date 
Test 
Result 
Quantity 
Pass 
Quantity 
Fail 
1 
Accurate 
angular 
movement Servo Motor Control Test 
Servo 
accurate 
control 
(1//3 
degree) 
KP CV   C      Pass  All None   N/A 
2 
Fast and 
accurate 
laser 
readings 
Laser 
Connection 
Test 
Range 
and 
Scanning 
Speed at 
spec 
MP PV   C      Pass  All None   N/A 
3 
N/A 
iRobot Create 
Platform 
Control Test 
Accurate 
drive 
distance, 
timing, 
and 
turning 
MA PV   C      Pass  All None   N/A 
4 
Readings 
are 
accurate 
and 
consistent 
Mechanical 
Bracket 
Assembly and 
Rotation  Test 
Laser is 
level and 
no slop in 
connectio
ns and 
clearance
s 
sufficient 
KP DV   B      Pass  All None   N/A 
!"#$%&'()%*%+,#-."/%01%2"3456%7"/4849#.4:6%;<#6=%>"3?<.3%@%A$-<"$"6.#.4:6% B0%
%
5 
System 
gathers 
range in 
formation in 
3D 
Stationary 3D 
Single Scan 
Test 
Data 
returned 
with 
matching 
servo 
motor 
angle 
data  
MP CV   A      Pass  All None   N/A 
6 
Scans are 
linked to 
create a 
virtual map 
Multiple 3D 
Scans Slam 
Algorithm 
Test (indoor) 
Slam6D 
program 
returns 
visually 
accurate 
point 
map 
MA PV   C      Pass  All None   N/A 
7 
Maps can 
be created 
quickly 
Many 3D 
Scans Slam 
Algorithm 
Processing 
Power Test 
Program 
and 
computer 
can 
handle 
sufficientl
y large 
data sets 
for 
sponsor's 
purpose 
KP PV   C      Pass  All None   N/A 
8 
System will 
last for 
hours Battery Life Test 
Returns 
typical 
max 
battery 
life data 
MP DV   B      Pass  All None   N/A 
9 
Robot can 
scan and 
reference 
on the go 
Continous 3D 
Scanning 
While Moving 
(Research 
test) 
Investigat
es 
potential 
accuracy 
problems 
with 
moving 
and 
scanning 
MA PV   C      Pass  All None   N/A 
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%
simultane
ously 
10 
Maps are 
created as 
quickly and 
as detailed 
as 
necessary 
Software 
Settings 
Optimization 
Test 
Program 
runs with 
sufficient 
detail and 
speed 
(trade-
off) 
KP PV   C      Pass  All None   N/A 
11 
Mapping is 
accurate/re
peatable 
enough to 
be used for 
navigation 
Consistency 
Testing 
Algorithm 
returns 
repeatabl
e and 
consisten
t results 
MP PV   C      Pass  All None   N/A 
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svn co http://pi-robot-ROS-            
pkg.googlecode.com/svn/trunk/pi_tutorials/pi_head_tracking_3d_part1 
 
svn co https://wu-ROS-pkg.svn.sourceforge.net/svnroot/wu-ROS-
pkg/stacks/urdf_tools/trunk urdf_tools 
 
cd urdf_tools 
rosmake --rosdep-install 
svn co http://ua-ROS-pkg.googlecode.com/svn/trunk ua-ROS-pkg 
 
cd ua-ROS-pkg/arrg 
 
rosmake --rosdep-install ax12_driver_core ax12_controller_core 
 
rosmake --rosdep-install pi_head_tracking_3d_part1 
%
!:%463.#<<%B2%&<#$%)#--465%_2?P"%2?3.G`1%
+:D"%8:/%D:465%B2%&<#$%43%8/:$%2?P"%2?3.G%.?.:/4#<I%%&""%/"8"/"69"3I%
svn checkout http://dukedusty2.googlecode.com/svn/trunk/ dukedusty2-read-only 
 
rosmake createbot 
 
 Check hokuyo port and create port in the explore.launch file 
 Change explore.launch in createbot/mapbuilding to: 
 
<launch> 
    <node pkg="hokuyo_node" type="hokuyo_node" name="scan"> 
!"#$%&'()%*%+,#-."/%\1%&:8.F#/"%!?.:/4#<% QN%
%
        <param name="port" value="/dev/ttyACM0"/> 
        <param name="max_ang_degrees" value="90"/> 
        <param name="min_ang_degrees" value="-90"/> 
        <param name="frame_id" value="base_scan"/> 
    </node> 
    <node pkg="tf" type="static_transform_publisher" 
name="hokuyo_static_tf_publisher" 
        args="0.14 0 0.06 0 0 0 1 base_link base_scan 50"/> 
         
    <node pkg="tf" type="static_transform_publisher" 
name="webcam_static_tf_publisher" 
        args="0.205 -0.035 0 0 0 0 1 base_link head_camera 50"/> 
 
    <param name="/brown/irobot_create_2_1/port" value="/dev/ttyUSB0"/> 
    <node pkg="irobot_create_2_1" type="driver.py" name="base_link" 
output="screen"/> 
 
    <node name="Explore" pkg="createbot" type="ObstacleAvoid" output="screen" 
/>    
</launch> 
 
%
!:%463.#<<%4/:E:.d9/"#."dBdU1%
svn co http://brown-ROS-pkg.googlecode.com/svn/trunk/distribution/brown_drivers/irobot_create_2_1 
 
rosmake irobot_create_2_1 
%
!:%463.#<<%#KUB%D/4H"/31%
svn co ax12_driver_core   
 
svn co ax12_controller_core 
 
rosmake ax12_driver_core  
 
rosmake ax12_controller_core     
+,"9P%.,"%IG#$<%84<"%.:%$#P"%3?/"%.,#.%$:.:/%4D%$#.9,"3%.,"%/#F%8""DE#9P%$:.:/%4D%.,#.%43%E"465%
-?E<43,"D%EG%.,"%#9.?#<%$:.:/I%
%
!5/'(0??*8@#'&0'!$8'/01&2*,"'
!:%/?6%4>:E:.d9/"#."dBdU1%
roscore 
 
rosrun irobot_create_2_1 driver.py 
 
rosrun irobot_create_2_1 bumpgo.py 
%
>?6%):.:/%M394<<#.4:6%&9/4-.1%
roscd $ROS_PACKAGE_PATH 
 
roscd pi_head_tracking_3d_part1/launch 
!"#$%&'()%*%+,#-."/%\1%&:8.F#/"%!?.:/4#<% XR%
%
 
./Motoroscillate.sh 
%
>?6%<#3"/%#33"$E<"/1%
rosparam set /use_sim_time "false" 
 
roslaunch laser_assembler tutorial_assembler.launch 
 
rosrun laser_assembler periodic_snapshotter 
%
!:%&#H"%)#-31%
rosrun map_server map_saver -f map 
%
>?6%>:E:.%&.#."%;?E<43,"/%_;4%>:E:.`1%
roslaunch pi_head_tracking_3d_part1 ax12.launch 
 
roscd pi_head_tracking_3d_part1 
 
 rosrun rviz rviz -d tutorial.vcg 
 
rostopic pub -1 /ax12_controller/head_tilt_controller/command  
std_msgs/Float64 -- 0 
 
sudo chmod a+rw /dev/ttyACM0 
 
rosparam set hokuyo_node/calibrate_time false 
 
rosparam set hokuyo_node/port /dev/ttyACM0  
 
rosrun hokuyo_node hokuyo_node 
 
rosrun dynamic_reconfigure reconfigure_gui  
 
%
>?6%O<:E#<%6#H45#.4:6%B2%_2?P"2?3.G`1%
roscd createbot/navigate 
 
roslaunch navigate_robot_setup.launch 
 
roslaunch move_base_navigate.launch 
 
rosrun rviz rviz  
 
 createbot/navigate/navigate_rviz.vcg 
 
%
>?6%#KUB%D/4H"/31%
Launches motor controller manager 
 roslaunch dynamixel_tutorials controller_manager.launch 
 
!"#$%&'()%*%+,#-."/%\1%&:8.F#/"%!?.:/4#<% XU%
%
Lists the status and feedback of the motor 
 rostopic echo /motor_states/ttyUSB0 
 
Starts specific controller manager for motor 
 roslaunch dynamixel_tutorials start_tilt_controller.launch 
 
Actually moves the motor 
 rostopic pub -1 /tilt_controller/command std_msgs/Float64 -- 0.4 
%
>?6%]:P?G:%2#.#%/"#D4651%
ls -l /dev/ttyACM0 
      crw-rw-XX- 1 root dialout 166, 0 2009-10-27 14:18 /dev/ttyACM0 
 If XX is rw: the laser is configured properly.  
   sudo chmod a+rw /dev/ttyACM0 
 
roscore 
 
rosparam set hokuyo_node/calibrate_time false 
 
rosparam set hokuyo_node/port /dev/ttyACM0  
 
rosrun hokuyo_node hokuyo_node 
 
rosrun rviz rviz -d `rospack find hokuyo_node`/hokuyo_test.vcg 
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! = Strong Correlation 
" = Medium Correlation 
# = Small Correlation 
Blank = No Correlation 
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INIT:  KKP
5 4 3 2 1
TOLERANCE:  N/A
DATE:  1/25/11
NEXT ASSY: N/A SCALE: 1:2
UNITS:  N/A
DWG #:  1000
MATERIAL:  N/A
TITLE:  ASSEMBLY
GROUP:  SLAM LASER TEAM
DRAWN BY:  MATTHEW L AZEVEDO CKD BY:  KEVIN K PARSONSINIT: MLAME428/429/430 -2011
14
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INIT:  KKP
5 4 3 2 1
TOLERANCE:  N/A
DATE:  1/25/11
NEXT ASSY: 1000 SCALE: 1:3
UNITS:  N/A
DWG #:  1001
MATERIAL:  N/A
TITLE:  ASSEMBLY
GROUP:  SLAM LASER TEAM
DRAWN BY:  MATTHEW L AZEVEDO CKD BY:  KEVIN K PARSONSINIT: MLAME428/429/430 -2011
ITEM NO. PART NUMBER QTY.
1 IROBOT CREATE 1
2 HOKUYO UTM-30LX 1
3 AX 12 Servo Motor 1
4 PLATFORM 1
5 PLATFORM SUPPORT 4
6 FRAME BASE 1
7 FRAME ARM - LEFT 1
8 FRAME ARM - RIGHT 1
9 LASER BRACKET - LEFT 1
10 LASER BRACKET - RIGHT 1
11 ROTOR BRACKET 1
12 MOTOR BRACKET 1
13 LASER BRACKET BUSHING 2
14 6/32- 2 IN MACHINE SCREW 4
15 M3x0.5-10 SHCS 4
16 M3x0.5-8 SHCS 2
17 M3x0.5-8 SHCS FLANGE BUTTON 4
18 M2x0.4-20 SHCS 4
19 M2x0.4 NUT 4
20 M2x0.4-8 SHCS 4
21 M2x0.4-4 SET SCREW 2
22 M3x0.5-10 SHCS FLANGE BUTTON 4
23 Heatsink 1
INIT:  KKP
5 4 3 2 1
TOLERANCE:  N/A
DATE:  1/25/11
NEXT ASSY: 1000 SCALE: 1:1
UNITS:  N/A
DWG #:  1002
MATERIAL:  N/A
TITLE:  HOKUYO LASER ASSEMBLY
GROUP:  SLAM LASER TEAM
DRAWN BY:  MATTHEW L AZEVEDO CKD BY:  KEVIN K PARSONSINIT: MLAME428/429/430 -2011
ITEM NO. PART NUMBER QTY.
1 AX 12 Servo Motor 1
2 FRAME BASE 1
3 FRAME ARM - LEFT 1
4 FRAME ARM - RIGHT 1
5 LASER BRACKET - RIGHT 1
6 M3x0.5-10 SHCS 4
7 M3x0.5-8 SHCS FLANGE BUTTON 4
8 M3x0.5-8 SHCS 2
9 M2x0.4-8 SHCS 4
10 M2x0.4-20 SHCS 4
11 M2x0.4 NUT 4
12 M2x0.4-4 SET SCREW 2
13 MOTOR BRACKET 1
14 LASER BRACKET - LEFT 1
15 LASER BRACKET BUSHING 2
16 ROTOR BRACKET 1
17 HOKUYO UTM-30LX 1
18 Heatsink 1
INIT: MLA INIT:  KKP
5 4 3 2 1
TOLERANCE:  N/A
DATE:  1/25/11
NEXT ASSY: 1002 SCALE: 1:2
UNITS:  N/A
DWG #:  1003
MATERIAL:  N/A
TITLE:  HOKUYO LASER ASSEMBLY
GROUP:  SLAM LASER TEAM
DRAWN BY:  MATTHEW L AZEVEDO CKD BY:  KEVIN K PARSONSME428/429/430 -2011
11
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CKD BY:  KEVIN K PARSONSINIT:  MLA INIT:  KKP
5 4 3
GROUP:  SLAM LASER TEAM
DRAWN BY:  MATTHEW L AZEVEDO
2 1
.01
DATE:  1/25/11
NEXT ASSY: 1002 SCALE: 2:1
UNITS:  MM
DWG #:  1004
MATERIAL:  ALUMINUM
TITLE:  ROTOR BRACKET
TOLERANCE:  
ME428/429/430 - 2011
M2x0.4
3.175R
2.5 THRU 
8
22
4.5 3 TYP.8
1 
3.81
8
45°
7
4
45°
R3 TYP.
15
5.5
6
 TYP.3.5
10
12
6
INIT:  MP
5 4 3 2 1
CKD BY:  MATTHEW PARILLAINIT:  MLA
.01
DATE:  1/25/11
NEXT ASSY: 1002 SCALE: 1:1
UNITS:  MM
DWG #:  1005
MATERIAL:  ALUMINUM
TITLE:  LASER BRACKET RIGHT
GROUP:  SLAM LASER TEAM
DRAWN BY:  MATTHEW L. AZEVEDO
TOLERANCE:  
ME428/429/430 - 2011
3
R1
3
35.2
8
6.312
3
R3
10
 TYP.
 TYP.7.7
65
34.5
22.8
130°
 TYP.R
3.746
INIT:  MP
5 4 3 2 1
CKD BY:  MATTHEW PARILLAINIT:  MLA
.01
DATE:  1/25/11
NEXT ASSY: 1002 SCALE: 1:1
UNITS:  MM
DWG #:  1006
MATERIAL:  ALUMINUM
TITLE:  LASER BRACKET LEFT
GROUP:  SLAM LASER TEAM
DRAWN BY:  MATTHEW L. AZEVEDO
TOLERANCE:  
ME428/429/430 - 2011
6
3.5
15
10
5.55
12
65
10
130° TYP.
7.7
 TYP.
32.9
22.8
R3
R3
R1
3
3
8 35.2
INIT:  KKP
5 4 3 2 1
CKD BY:  KEVIN K PARSONSINIT:  MLA
.01
DATE:  1/25/11
NEXT ASSY: 1002 SCALE: 5:1
UNITS:  MM
DWG #:  1007
MATERIAL:  NYLON
TITLE:  LASER BRACKET BUSHING
GROUP:  SLAM LASER TEAM
DRAWN BY:  MATTHEW L AZEVEDO
TOLERANCE:  
ME428/429/430 - 2011
8
10
2
12
8
16
590
M3x0.5 TYP.
40
13.5
R  TYP.3
90
 TYP.
 TYP.
16.5
13.5
10
 TYP.
16.5
10
50 TYP.
INIT:  KP
5 4 3 2 1
CKD BY:  KEVIN PARSONSINIT:  MLA
.01
DATE:  2/17/11
NEXT ASSY: 1002 SCALE: 1:1
UNITS:  MM
DWG #:  1008
MATERIAL:  ALUMINUM 6061
TITLE:  FRAME BASE
GROUP:  TEAM SLAM
DRAWN BY:  MATTHEW L. AZEVEDO
TOLERANCE:  
ME428/429/430 - 2011
INIT:  MLA INIT:  MP
5 4 3 2
DRAWN BY:  MATTHEW L. AZEVEDO CKD BY:  MATTHEW PARILLA
1
 .01
DATE:  2/2/11
NEXT ASSY: 1000 SCALE: 1: 2
UNITS:  MM
DWG #:  1009
MATERIAL:  ALUMINUM
TITLE:  PLATFORM
GROUP:  SLAM LASER TEAM
TOLERANCE:  
ME428/429/430 - 2011
6.35
250
M3x0.5 TYP.
21.4
25
4 TYP.
35 35
105
335
90
80
R3 TYP.
180
100.1
69.9
 TYP.
10 10
10
195
335
INIT:  MP
5 4 3 2 1
CKD BY:  MATTHEW PARILLAINIT:  MLA
.01
DATE:  2/17/11
NEXT ASSY: 1002 SCALE: 1 : 1
UNITS:  MM
DWG #:  1010
MATERIAL:  ALUMINUM  6061
TITLE:  FRAME ARM - LEFT
GROUP:  TEAM SLAM
DRAWN BY:  MATTHEW L. AZEVEDO
TOLERANCE:  
ME428/429/430 - 2011
18
65
R1
10
4.5
7.5
 THRU TYP.3.5
5
5
R3 TYP.
 TYP.R3
12
10
10
5
INIT:  KP
5 4 3 2 1
CKD BY:  KEVIN PARSONSINIT:  MLA
.01
DATE:  2/17/11
NEXT ASSY: 1002 SCALE: 1:1
UNITS:  MM
DWG #:  1011
MATERIAL:  ALUMINUM 6061
TITLE: FRAME ARM RIGHT
GROUP:  TEAM SLAM
DRAWN BY:  MATTHEW L. AZEVEDO
TOLERANCE:  
ME428/429/430 - 2011
10
70
5
5
18
18
4.5
7.5
5
3R
5
20
5
20
R  TYP.3
 TYP.
3
 THRU
M3X0.5 THRU TYP.
12
5
45°
36.5
5
INIT:  KP
5 4 3 2 1
CKD BY:  KEVIN PARSONSINIT:  MLA
 .01MM
DATE:  6-5-11
NEXT ASSY: 1002 SCALE: 1:1
UNITS:  MM
DWG #: 1012
MATERIAL:  ALUMINUM 6061
TITLE:  HEATSINK
GROUP:  TEAM SLAM
DRAWN BY:  MATTHEW L. AZEVEDO
TOLERANCE:  
ME251 - FALL 2010
 TYP.
 TYP.3.5
 TYP.
 TYP.3.175
12.5375
3.175
 TYP.
 TYP.12.5375 3.175
3.175 TYP.
25.5
R
R
46.4
60
23.97
60
18.95
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